





THE CONQUEST OF THE AIR. 
The first hot-air Balloon, invented by the brothers Montgolfier (1783). 
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‘theory. The scientist observes certain p: 


INTRODUCTION 


es is not many years since chemistry and rv w u 


comparatively unknown as subjects of primary e 
tion. Even to-day there are many famous 

where the men of to-morrow are encouraged to 
Greek and Hebrew in preference to Science. B 
ideas are rapidly changing, for the last twenty-five 
have shown that Science is probably the most imp 
study in the world and is likely to become of even gree 
consequence. The last decade has shown that the grez 
discovery of all is our lamentable ignorance of most ae 
facts in life. ¥ 

In this book, I have tried to show that Scien is 
dull affair of equations, calculations and formule, but 
fascinating subject which attempts to explain the wah 
about us and that enables us better to understand - t 
meaning and beauty., To-day, you cannot escape 
If it is your desire to appreciate the beauty of the | 
the glorious colours of an oil puddle in the road or 
crystals of frost on the window pane, you must know just 
a little of the principles of Science. ‘ 

Every man, woman and child should be exeuiial 
learn something about chemistry, physics and | 
branches of technical knowledge. Especially sho 
be asked to study these subjects from a practical met f 
view. The actual performance of experiments is 6 
more interesting than theory and can teach lessons 
greatest value. The essence of Science, which di tin 
it from all other studies, is that experiment may 


. 





nNHical 


that the theories of yesterday can be 


sefully supplanted by recent discoveries that seem better 


to fit the new facts of any case. 

| __ The experiments in this book have been designed to be 

at once entertaining and illustrative of scientific laws ; they 

can be carried out successfully by anyone who follows the 

istructions carefully. Each operation does not take for 

nted any knowledge of Science, but its success will 

lepend on the use of a scientific method of carrying it 

o effect. Science is little more than organised common- 

sense, and therefore-there need be no difficulties for those 

i with a reasonable amount of this useful commodity. 
_ Anyone who conducts all these experiments will un- , 
‘ consciously acquire a reasonably good working knowledge = 
2 f chemistry, physics and allied subjects. Their knowledge 3 
will be, in many ways, superior to that obtained from * 
standard text-books, hecause these experiments will be~ 
‘ormed for “‘ fun’’—for the pure love of Science and” 


interest in natural phenomena—as distinct from woete 


ments made and theories learned with the object of 
struggling through an examination. Neither will he basi 
Rae to of each result be lost when it should chance to 
ffer, however slightly, from the expected conclusion. 

I have, every case, purposely explained the reason for 

rtling or onsets effects oo To be content 

water into “wine,” for instance, without 

inding something of the nature of the change is, I 
definitely bad. Whenever I have visited the 

‘ at South Kensington, I have always been 

of people—men, women and 

by the idea of “ pressing the 


oF 


oa 
Ms, 


2 


* 


palate ota 


oul 


‘ 


sce eae ati 


‘ 


i 


button.” 


mee Sees 


~ Unless some attempt is made 
results, I think that ‘‘ pressing the button’ 


Worse still, it is apt to suggest that standar 


help to progress. ad 

There are no dangerous experiments in this book 
the same time, all chemicals should be handled with care, 
and there must be no indiscriminate mixing or tasting. 
Every bottle of chemicals should be carefully labelled. Tf 
you follow the directions, there will be no chance of an 
accident. re 

I offer no apology for the homely nature of much of the 
apparatus I recommend and describe. I want to bring 
home the point that Science is an everyday affair that cam 
be studied in the home or in the street as effectively as 
in the highly-equipped laboratory. No doubt many of ~ 
the experiments will be more easily performed if afew 
pence are expended on simple apparatus, which can be: 23 
bought from any drug store, but the vast majority of the 
experiments can be conducted with nothing more costly 
than the ordinary articles to be found in every kitchen, 
Occasionally it may be necessary to buy the pure chemical, 
instead of the commercial product usually found in kitchens, 
but in these cases I give the explanation. sae 

There is no need to start solemnly at page one and work) 
through the experiments from cover to cover. Although _ i 
each section is complete in itself, the book cam be opened ‘oe 
at random and the experiments performed in any order, 
as the apparatus is available. If you wish to give 
demonstration of the magic of Science to your friends, 
choose a dozen of the more striking experiments, prepare 
your apparatus carefully beforehand and go ahead in any 
order that appeals to you. Pret 

I have hinted occasionally that to those who do ‘not 
understand the principles involved, many of the experi- 
ments will appear to be “magic.” I have given per- : 
formances of this ‘‘ magic ”’ mysel but I have always made 
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a point of explaining the phenomena afterwards. To use 
Science for purposes of deception is very easy, but savours 
of the alchemist or fraudulent medium. By all means 
surprise your friends with some of the experiments, but in 
fairness to them, explain afterwards. For this reason I 
have inserted in this book very little savouring of “ con- 
juring ” or dependent upon sleight of hand. Some of the 
experiments are very old, but none the less interesting: for 
that. I cannot lay claim to inventing every experiment in 





the book, but in many cases I have taken phenomena well 
known in the laboratory and adapted them for use in 
the home. 





ARTIFICIAL LIGHTNING. 


1. A 1,000,000-volts “ flash-over.” 2, A 1,$00,000-volts spark. The results < 
investigations with artificial lightning are applied to the manufacture of electri 
transformers and other high-voltage transmission line apparatus, 


[Facing page 4 
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CHAPTER I__ 
ELECTRICAL EXPER! 
MAGNETS 


LTHOUGH electricity is, comparatively 
A a newly discovered “ force,” magnetism 

known for thousands of years, and the 
_ pointing compass needle was used by sailors and 


ae 


_ Before the dawn of what we cal civilization. The magn 
used by these sailors was made of lodestone, a nat 
, mineral which has the property of prea, 

| pointing to the magnetic north when suitably suspen 


For the experiments with magnets you wil ire 
perhaps half a dozen of different sizes and aoe “he 
can be bought for a shilling or two, but if 
large magnet, a number of proxi 
| knitting needles and other steel 
Magnet and a Knitting N st 
_ take a horseshoe magnet and a " knitting abled Th 
~ magnet will attract the needle, but, unless it is in contac 


% 


sharp blow or two with a hammer, 
the pin. It no longer attracts. Vi 





d, drop it appar- “’ it} 
ently by accident. The SQ 


destroy the magnetic “7 
z er, and when he ; 
. applies the needle to 
‘the pin, he will find that it no longer lifts it. If he ¢ 
_ You to try again, you will have to draw the needle over ¢ 
arm of the magnet again, but as long as you do it n 
_ .chalantly, it may not be noticed, and you will be able 
| Pick up the pin again where others have failed. Y 
_ should be certain to explain to him the deception afterwardg 
Magnets and Iron Filings (Lines of Force).—For a fe} 
_ Pence you can purchase a good supply of iron filings, o 
if you cannot obtain them, a supply can be made, if yo 
; have the patience and energy, by filing a piece of soft iror 
5 and . the minute pieces on paper, Scatter the 
«ili Over the paper and then lay a bar magnet j e. 
middle. The filings will suddenly jump into ‘fe be 
Tess than a second will take up definite positions (Fig. 1)} 
Magnet is usually best placed under the paper. . 


LINES OF FORCE. 


_ You will find that the filings form ‘ 
both ends of the magnet, while th 
little to the middle. Repeat the ex 
shoe magnet and you will find again that the filings fo 


4 atterns round the end of the arms, remainin - 
c the middle (Fig. 2). The lines which the flings form 


ey are attracted very 
periment with a horse. 


@ called “lines of force,” and you can r. them 
ie paper by ganion ths wetline cf the vanes p 
on Coating the paper very thinly with 
lings are in place, you have site ie ras, A Ores 
a beneath for a second or two and the wax will melt. 


streaky ”’ lines round 


Magnet in pencif | 


These small particles of iron show how the in 
smaller particles forming the substance of a | 
arrange themselves so that they turn the body of th 
into a magnet. ee 

The Poles of a Magnet.—Iron filings provide a very | 
way of watching the working of magnets. The end: 
the magnet, where the power of attraction is concent 
are called the poles; every magnet has a north ai 
south pole. If you magnetize a fine sewing need 
grease it so that it floats in a bowl of water, you will 
that it always lies in one direction, Whatever you 
do to the needle, it will eventually always take up 
same position, pointing north and south. This is 
simplest form of compass. 

The fact that one end of the compass needle alw: 
follows a magnet, leads to one of the fundamental laws 
magnetism and electricity. It is simply that the n 
pole of a magnet attracts the south pole of another ma 
and repels the north pole. In other — 
words, unlike poles are attracted and like 
poles are repelled. If you havea number 
of bar magnets, you can perform several 
interesting experiments illustrating this 
point. You will find, for instance, that 
if you place two magnets with opposite 
poles next to each other, they will act as 
a single magnet ; that is to say, they will 4 
not attract a needle or other steel object me 
at the centre. You can verify this by Bik 
repeating the experiment with the iron 
filings (Fig. 3). Now if you place the 
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Fico. 3. Lines oF Frorci 


magnets with like poles together, so that there are two north 
poles in the centre apd a south pole at either end, you will 
find that they attract at the centre equally well as at 
ends (Fig. 4). 

Here is a more graphical experiment (Fig. 5). Hang a 


he 


needle from the north pole of a magnet and then place 
another magnet with its south pole on top of the south 
pole of the first magnet. The needle will remain suspended, 
but if you push the magnets slowly together, sliding one 
across the other, there will é im¢ en the south 





pole of one will meet the north pole of the other and the 
needle will suddenly fall away 

If you could divide a magnet, you would find that it 
resembles some worms, in that however you divide it, 
each part always grows a new head and tail. Try the 
experiment by cutting a thin bar magnet in two with a fine 
saw or cold chisel. Test the ends of the two smal] 
and you will find that each has acquired a new pole. Each 
magnet is complete with north and south p le, 






and if 
you were to divide them again, you would find that each 
of the four pieces still had a north and south pole. So it 
seems that the magnetic force, although it acts only at the 
poles, exists throughout the magnet f 


“Fishing.” —A popular game for children at Chris 
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stmas 
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Used for breakin 
releases the ball. 
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A CRACKER BALL. 
bulky scrap metal. When the current is switched off, the 


ight is such that the 
ee the most solid “junk 


he ball descends with terrific foree, 


” to fragments. 


ee Tt A ora 


tS 


B* 














‘pond (Fig. 6) you will 














parties used to be “ fishing” with a n 
line, on the end of which was a small magn 
a “pond” in which a number of c 
swimming. As soon as the line approached a 
“bit” and was hauled up. In the nose of each fi 
course, was hidden a piece of steel, which was attracte 
the magnet and enabled the fish to be raised. 
is easily constructed at home and is more reali: 
small magnets are concealed in the fish and a ne 
as “bait.” The effect will be the same. Anc 
toy uses magnets to balance the fins of a paper fish” 
lightly that they sway realistically in the slightest draught, 
You may have noticed when experimenting wil h y ou 
magnetic fish that the fish showed a tendency to 
definite positions 
in the “ pond.” (A ee 
This was no acci- 
dent, but in ac- 
cordance with a 70.5. THRamaees wae 
definite law, and j 
the experiment is frequently made use of in lectur 
to demonstrate the eeerna of atoms. For this; 
floating magnets made pushing a magr 
through a cork are used. The eye of the needle shot 
made the south pole and the cork should loat v 
point downwards. Now when you place ar um 
magnets in the basin, they will float to 
Why ? Because all the south poles are 
I have explained, like poles repel each o 
place the north pole of a bar magnet 















































them gi 
are torn between two masters. bie: 
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“seven, one goes to centre and others form a ring; 
while if there are eighteen, you will have one in the centre, 
BI oe acy nersber focme © defi pane 

ating of eleven. Each number forms a definite pattern 

nearly always the same design. Sometimes you may 
find that five form a square with one in the centre and 
sometimes a ring, but the exceptions are rare. 
_ This experiment gives a graphic picture of structure by 
"molecules, and if you have glanced into text-books of 
Organic chemistry, you will have recognised the “ hexagon 
ting” and other patterns formed by the magnets. 

Making a Compass.—A more permanent and reliable 
"compass than that mentioned on page 19 is very easily 
- constructed. First magnetize a needle by stroking it with 
" @ small magnet, always remembering to stroke it the same 
‘way in order to keep the poles at opposite ends. Then stick 
the needle through a cork, so that it is at right angles to the 
Age length of the cork. Into the bottom of the cork 
f an ordinary pin and into the sides of the cork, just 
below the needle, fix two match-sticks, with little balls of 
sealing wax or candle grease at the end. 

If this is done correctly—and you may find some notes 
on the centres of gravity useful here—you will see that 
the pin may be placed in one of the little holes at the top 
of a bead and the whole apparatus properly balanced. 
t may be protected from the vibrations of the air by placing 
tin a glass-covered shallow box, one of the boxes used by 
n or butterfly collectors is excellent, or a glass casserole 
as is now to be found in almost every house can be 

d. The needle will swing Ree the magnetic north, 
: 4 a magnet in your » you 
needle swing hither and thither. ee 


mand Answer ” Apparatus.—The compass can 
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to make an ingenious piece of apparatus whic q 









any question chosen by the onlookers. " 

To construct this instrument, begin with t 
arrow (Fig. 7). Cut the shape out of paper or 
and fix it to the end of a compass needle which i 
in the bottom of a shallow box. Next prepare 
pieces of cardboard, divide one of them into 
write a number of questions, one in each section. 
can see a similar idea embodied in the fe 
machines to be found on almost every railway 
Place a small magnet in the middle of the other 


isis 
\\ 





CORK 


Fic. 6. THE CORKS ARE TORN BETWEEN TWO MASI 


paste the two cards back to back, so that the 1 
held in position, lying along the diameter 
Now prepare a blank “ answer card + th 
piece of cardboard with a circular hole ligh 
your question card Q in the middle, and 
segments, in which the answers will 
questions and answers you choose m 
You can have scientific, al, hi 







































ually come to rest, and 

a little experiment will 

show you in which 

segment to write the 

APPARATUS. answer in order for it 

to be correct when the 

stion card is laid down with the compass pointing to 

reply. You, of course, are the only person aware of 

e concealed magnet, and you may find it helpful to 

k the position of the magnet with a tiny point, so that 

you cannot make a mistake in laying down each question 

“4 card. I am not going to give all the details for the con- 

ction of this simple amusement, because it is more 

enjoyable to work them out for yourself. You can design 

‘the instrument as you think best, taking care, if you wish 

‘to deceive your friends, to hide the working parts and not 
) use steel in the construction. 


ELECTRICITY 


The Simple Electro-magnet.—Electricity and magnetism 
e very closely connected, and you can prove this for 
rself by performing one or two simple experiments. 

, take a piece of soft iron and bend it into the shape 
U (Fig. 8). : Wind fine insulated wire round and round 

arms in opposite directions. To make sure that you 

2 winding it correctly, place the middle of the wire in a 
e table. Lay the magnet over it, so 

below the bend, then take the right- 


from right to left and the left- 


oe 


hand wire and wind 


the ends of the wire and connect ther 
of a battery or accumulator—a flash 
very well. If you now bring a piece of steel or iron 
the ends of the iron U, you will find that the 
strongly attracted, just as it would be to a magnet 
have, of course, constructed a very simple electro-n 
turning the power of electricity into direct m 
Now disconnect the battery and take a horseshoe m 
bringing it near the wire and rotating it so that oppe 
poles come near the wire alternately. You will find 
an electric current is generated in the wire—you 
detect this by means of a galvanometer or by one 
other methods I shall describe later. In this case 
have used the principle of the dynamo, for these 
simple experiments were performed by Faraday, 
virtually founded the science of electricity and gave us 
dynamo, without which we should not have electric ligh 
and electric trains and trams. There is, therefore, a’ 
intimate connection indeed between electricity ~ 
magnetism. 
Friction.—You have now seen one way of 5 mak 
an electric current, or, more properly, of “ setting 
motion.” There are many others, a 
some of them very simple. The 
easiest is to charge a suitable body 
by means of friction. Take a stick 
of sealing wax or a vulcanite ruler 
and, after drying it thoroughly, rub ¢ 
it briskly with a warm, dry glove or 
cloth. Hold the sealing wax or 


- yulcanite over some small 


pieces of paper and they 
will fly about, because 


they are attracted by the 





can be induced to take an electrical 


by friction. The most suitable are a glass rod, — 


, brown paper, combs and sealing wax. Brown 

will produce electricity in considerable quantities. 
[ake a large sheet of brown paper, preferably new, and 
d it into a strip about a yard long and three or four inches 
. Dry it most thoroughly in front of the fire or in 
‘oven. Then, taking one end in your right hand, draw 
paper strir rapidly under your left arm, pressing your 
m to your side, so as to get the maximum amount of 
friction. Do this three or four times, and then place 
‘or similar object in the middle of the paper. Anyone 
touches the key should be able to draw a spark from it. 
‘paper can always be recharged by drawing it under 
arm again and with good conditions—a dry atmosphere 
dry materials—you can make a spark an inch in length. 
sag cloud friction which eventually causes the 

ing sh. 

luctors and Insulators.—It is essential to have dry 
als and, if possible, a dry atmosphere, because water 
1 is mot quite pure is an excellent conductor of 
tricity, and any dampness would dissipate your charge 
efore you could use it. Electricity does not travel equally 
through all materials. Those which carry it easily— 
is without exhausting its energy in heat, such as 
, are called conductors, while those that carry it 
, such as rubber, glass and silk, are called insulators. 
will find a number of cheap, strong tumblers very 
seful for performing electrical experiments at home. | 
aanging by Electricity.—Electricity simplifies the 


ems of paperhanging! Dry a sheet of paper, place it 


a / : e PERIMENTS _ 
paper will take up a charge of electric ity and w: 
to the wall. In the same way, small pieces of pay 
be made to stick on your forehead or cheeks. i 
An Obedient Pointer in a Tumbler.—A tumbler is eas 
charged with electricity by being rubbed with a dry ¢ 
When it has been rubbed, it will attract small sera 
paper, cork dust, feathers and hairs. You can 
an ‘ obedient pointer” (Fig. 9) with a tumbler an 
small arrow cut from paper. The arrow should be 
out of thin paper, should have a small cross-piece in 
middle and should be creased w 
down the centre so that it will 
balance on the point of a needle. 
Insert the other end of the needle 
in the top of a cork, and then 
invert a tumbler over the whole. 
The problem is to make the 
arrow turn in any desired direction 
without touching it or moving 
the tumbler. It is quite simple. 
Suppose you are asked to make 
the arrow turn towards you. Rub 
the tumbler on the side nearest 
to you with a dry cloth and in a 
few seconds the arrow will swing 
round. The arrow always swings towards the part 
tumbler which has been electrified, because it 1s @ 
by the charge of electricity. 7 al 
The Electrified Pipe.—Here “ — expel 
Balance a clay pipe on the edge of a tumbler im s 
manner that it may oscillate freely. The problem nc 
is to make the pipe fall without touching it, blowing ip 
_ jt, agitating the air, or moving the table. 
"Take another glass, similar to that which 


re Scan 3 joer d rub it rapidly on the sleeve of your 
wall on a dry day, and rub it vigorously one way — SRS eee. 1 ified by the friction, 
cloth or brush it with a clothes brush. The 2g oad ke be e ectrifi wf the Bs . 


5 sets, 





=e A 





It 


w Painting on Glass.—If you take a plate of glass, _ a 
id dry it, place it across two supports so that it c 
as a bridge and then rub it, you will find that cork on 
placed underneath it flies up. This can be made the __ 
of an interesting deception. On the lower surface 
glass plate paint the “ shadow” of anything you may 1 ., 

-a dancer, a dog or a house. Your “ paint” must 
erine, which is colourless and, once applied to the _ 
invisible. If you now place the glass on the supports 
rub it, the cork dust will be attracted as before. But 
@S soon as you stop rubbing, the attraction will stop, and _ 
cork, except where it has been stuck by the glycerine, 
fall back on to the table. The outline you painted 
be clearly marked out and can be projected on toa 
en by means of a candle. a 
The Deceptive Dice.—Another amusing deception which : 
zzles onlookers, until the principles are explained to Z 
requires the construction of three or four very light : 
These can be cut out of pith and marked with 

sin ink. Place these dice under your glass plate, 4 
should be supported by a book at each end, or better t 
lay the glass over a shallow coin collector’s box con- i 
the dice, and rub the glass with a dry woollen cloth. ‘ 
dice will then jump up and stick to the glass. Ask@. oom 
© count the number of pips and give you the total. 
he has done this, tell him you are going to verify 

nent. In a few moments, you will find that the  __ 
the pips is not what he stated, and you ask him to 

in. He does so, and finds he is wrong, giving 
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ELECTRICAL EXPERIMENTS 


What has happened is this. The dice are attracted by 
the electric charge in the glass, but gradually the surfaces 
clinging to the glass lose their power, and the sides of the 
dice fall away from the glass, but the dice remain hanging 
by an edge. Then the glass attracts the adjacent surface, 
and the dice are pulled up again on to another side. This 
continues for some time, until the charge is exhausted, the 
dice turning first on to their corners and then over on to 
a new side. 

Positive and Negative Electricity.—We speak of two 
kinds of electricity, negative and positive. As with 


magnetism, we find that like 

| poles or charges repel each other, 
— while unlike poles or charges 
ran attract each other. Thus nega- 

“a 6 oO tive attracts positive and repels 


negative. 





A simple demonstra- 


I iiscatadkr oS gains Biadla atebined cn: wa aeeve a tion of this can be 
‘ i given by the following 

o SEALING WAX experiment. Hang a 

Zé )> litle pith ball from a 

Fic, 10 [THE BALL SWINGS OUT TOWARDS support like a pen- 


THE SEALING WAX 


dulum (Fig. 10). Next 
charge a piece of sealing wax by rubbing, and then hold 
it near the pith ball. The ball swings out towards the 
sealing wax because it is attracted If you then hold a 
glass rod towards the pith ball, it is again attracted, but 
almost immediately repelled, so that it swings away. The 
explanation is that when the sealing wax was applied to the 
pith ball, the ball absorbed some of its negative electricity. 
Thus it was attracted to the induced positive charge in the 
glass rod, but almost immediately absorbed some of the 
positive charge and thus was repelled. If you again apply 
the sealing wax, you will find that the ball is attracted 
and repelled in the same way 
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(Westinghouse Electric, 


A powerful photo-micrograph apparatus capable of Magnification of more th 
0 an 


1,000 diameters. 


wii eS 





ro, 


‘card cut the SULES a it 
front of them. Over one side paste some 
per such as is found in chocolate and cigarette boxes 
makes the surface a conductor. Suspend one of the 
s on a thread from a bracket fixed to a board, and a 


short distance away fix the other boxer by one foot — a 


board, using sealing wax, so that he is insulated. 
connect him to a source of electricity by means of a 
going to his waist and brought into contact with the 
ed surface. If you put a small charge of electricity 
) the fixed boxer, his opponent swings violently at him. 
a few moments he apparently steps back and then 
lunges forward. And so he will continue, as long 
ou supply electricity. 

ae explanation is, of course, that the fixed boxer 
yes a positive charge of electricity and violently attracts 
Swinging boxer. After a moment or two of “ clinch- 
ng,” the other boxer takes up some of the positive charge, 
_ and since positive repels positive, he swings back. Presently 
’ the positive charge is dispersed, and he once more swings 

forward, and so he continues. 
__ Any source of electricity will serve. Brown paper that 
as been charged may have the connecting wire twisted to 
ie end, or a glass cylindrical lampshade, fitted with a 
cork through which a nail passes, may be used. The wire 
d be connected to the nail, and the shade should be 
bed. In this way it will supply indefinitely a small 
‘sufficient charge of electricity as long as the friction is 


Dripping Tap.—The fact that opposite charges 
ct one another can be demonstrated in a number of — 
ways. One of the most striking is to bring near a 
ter tap a comb or piece of brown paper that — 

ed by friction. You will, if you look closely, _ 


: if 
<2? 7 


mediately notice that all the drops join tog 
-@ continuous stream. eee 
The accepted explanation of this phenome: L! 
the comb or brown paper has an excess of electrons a 
therefore, negatively charged. These electrons repe 
negatively charged electrons in the water drops to the © 
farthest side, so that one side of a drop is negatively charged 
and the nearest side of the next drop is positively charged. — 
Now since negative attracts positive, the drops coagu ate. 
All this happens, of course, so quickly that it appears to 
be instantaneous. This principle of pressure variation 
has been used in practice to clear a windscreen or to 
disperse a small quantity of fog. 


CO LC UOUUUTEAUHATELANE 


Fic. t1. THE MYSTERIOUS BOXERS. 


The Swing.—A fountain pen, being made of vulc 
is a useful source of small quantities of electricity. 
can be charged by being dried thoroughly with ant 

~ cloth and then rubbed vigorously. The charge is suffie 
to work a small swing or to make a paper figure of a 
walk after the pen. The swing is easily | 
of a match-stick, after the head has been 


; » Be aunt 
alight paper figure on the swing, and sup 
‘Then hold the charged fountain pen 
- figure is attracted according to the laws. 








ELECTRICAL EXPERIMENTS 


and the Swing goes back, and if you hold the pen toward 
it again as it swings forward with the momentum, it will 
once more be attracted. A more vigorous swing 
achieved with two fountain pens, one being he 
end of the swing. ? 

The Electrophorus.—One of the earliest Pieces of 
apparatus used for storing charges of electri ity was called 
by our grandfathers an electr phorus, and since it provides 
an easy way of securing charges of electricity for a variety of 
experiments, I will describe one or two ; f the 


if 


g can be 
Id at each 


simpler types 
Place a lacquered tray on four tumblers so tl 
insulated from the table. the tumblers at 


acting as supporting legs (Fig. 12) Next cut 
brown paper, preferably new so that it is not 


at it is 


broken, a piece to fit the inside of the tray exactly. Warm 
the paper thoroughly in order that it js quite dry. Now 
on the upper surface gum two smal! pieces of paper to 
Serve as handles, and lay the paper in the tray and charge 
it with electricity, either by rubbi 1g it or by stroking it 
with a dry brush. Be sure always t rub or brush in the 
same direction, that is, down its greatest len; th. Place 


the paper in the tray and ask a friend to put his finger on 
the corner of the tray. Then gently lift up the paper, and 
a spark will fly between the tray and your friend’s finger. 
A single charge should, if conditions are good, be sufficient 
to provide half a dozen sparks, the brown paper being 
raised each time. This electr. phorus will provide charges 
for a number of simple experiments and will act as a good 
substitute, in some of those tricks already described, for 
simple brown paper or sealing wax : 

Another electrophorus can be made as follows. First 
you require a piece of thin ebonite about a foot long and 
six inches wide. This should not be hard to obtain from 
any wireless shop, but make sure you get ebonite and not 
a composition substitute. Next cut a piece of tin about 
three inches long and two wide and fix it to the centre 
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(Gent & Co. Lid. 


By courtesy of} 
THE DRY CELL THE LECLANCHE CELL. 


This cell has a solution of sal am- 


Here the positive element, zinc, takes 


" > i uid. A zine . 
the form of the outside container. This stick fe Lak — pg pak 
is covered by a cardboard case to insulate st = apr Be ei! , other 
it. In the centre of the container is the Pilate Is of © 2 


carbon stick or plate. Packed round this 
is first the “ black paste and then 
the “ white paste 





[The Automatic Blectric Co. 
By courtesy of J 


NE 

FOR AN AUTOMATIC TELEPHO 
—— EXCHANGE, s 
Some of the so-voit beunclen, yeleh be gto tons, and supply enough energy : 
PSR. 











a apparatus, used for laboratory experiments, 


quite cheaply. 























Fic. 12, THE ELECTROPHORUS. 


of the ebonite. Your apparatus is now ready. 
on a dry wooden table and charge it by rubbing wit 
cloth. Then raise the ebonite and a spark may be d 
from the tin. You should get a spark about half an 
long from your finger, but it will not hurt, and will 
only a faint pricking sensation, for the actual cu! 
exceedingly small. If you have the patience and ingenu 
to construct a number of small light wooden dolls id 
place them on the tin, they will behave very am 
when the ebonite is raised. A doll’s hair, if it is long, 
stand on end, others with jointed limbs will throw 
wildly about, while yet others may be jerked 
the table. N 
The Leyden Jar.—For many years the almost v 
general source of electricity in the laboratory ‘was 
Leyden jar, which is capable of storing a ¢o 
charge. In its very simplest form a Leyden ja 
constructed at home. The more rate 













worth the trouble of making, for they 


To construct a simple Leyden 
shot, a glass tumbler and a silver 








complet and may be charged with one of the electroph a ie discharged and collapse. 
sets already described. Place the handle of tbe ead : If you aka pepe 
the corner of the tray or the piece of tin in place tive charge, they will 
your finger and, instead of sparking, the charge will bend together, straight- 
enter the Leyden jar and be stored for use when required. ening out when you 
It may be stored almost indefinitely or “ discharged” by remove the body. The 
placing the finger against the spoon, when a spark will explanation will be 
pass across the gap. The disadvantage of the Leyden jar plain if the law con- 
is that the whole of the charge is exhausted at once, and if pecs. the, Stace 
you are giving a number of demonstrations you should = Ne a ge 
have several jars charged and ready beforehand. In damp A saat nah ally 
air the charge is only transient, while an outer coat of tinfoil , rine’ i ; pee a in order to protect the « é 
halfway up the jar will render it suitable for a greater 3 gold leaves Pa peer and damp 
yeharge when employed with modern apparatus. The principle of the electroscope can be shown 
The Galvanometer.—How can we detect the presence simply. Fix a metal rod horizontally on a stand, insulating 
of an electric current in a wire? There are a number of it with a piece of good rubber or glass. From either e: 
ways, one of which is by using the galvanometer, a sensitive 2 of the rod hang a small cork or pith ball by two inc 
needle which swings when there is the slightest variation ? very fine copper wire. The two balls are, obviou 


é ‘in the current. By means of reflecting mirrors which j nected by the wires and rod to each other. Ifa 
Og 


a 
“5 


measure the minutest changes in y i . brought near to one of the balls, the will 


magnify the movement of the needle, it is possible to sealing wax which has been positi 


the amount of current passing ; 3 while the positive charge, travelling along the ' 

through a wire. $a rod, will make the other ball also . weal 
The Electroscope.—A simpler in- ~ the wax is removed, the ae will agein tang Se 

strument to use at home, with so- | “hae brs bee = he ane 

called static charges, is the electro- ; A very simple form of the gold leaf 

scope (Fig. 14). This consists of eo tie at by d silver paper will do i 

two sheets of gold leaf A suspended a ee end not so sen 

from a terminal. An inch from the "Wj ~ of iron wire twice at right angles so as 

gold leaves are two metal points B& Catch this on the edge of 

which act as “‘ dischargers.” If you ~ # 

bring a positively charged body near ~ 

the terminal, the gold leaves bend 

outwards until they touch the metal 


. canny tltill 





T used for producing electricity, 

heen. the charge in sealing sor in « chal 4 

n a piece of brown paper, in the woollen lo pee 
electrify them and in the elothes brush. You "rill disc a 
least one interesting fact, namely, that whenever coal 

a— dies are rubbed together to produce electricity bye 
2 - fricti jon, one of them is positively charged and the oth 5 

: negatively charged. “—- 
a you come to carry out some of the experi 4 

with soap bubbles, which I shall describe cor, Se sill. 


find that the bubbles can be electrified. If you make a 


number of strong bubbles and let them rest on the table, — 


you will be able to pull them about with charged sealing — 
You will find that the bubbles will 7 


wax or brown paper. 


bubble by means of a piece of sealing wax, bring it into 4 


ge. 
ccumulators and Batteries.—In common use, there are a 
ee principal sources of electricity. The most important q 
the dynamo, for this actually produces or sets into . 
a un = electricity which is relayed through wires to q 
ousan of homes and factories. Electricity from 4 j 
lynamo can be stored in an accumulator to be used a8 | 
ose This accumulator is the second convenient — 
0 =. The =a isa primary battery, which “‘ produces oe 
os oes ops © sageoy Sonam are commonly used ~ 
Def pshors tine ses where only a small current — 
earliest battery or “ pile” was produced as a result | 
a9 rental dispute between two learned scien ists 
ut fh le Galvani, an experimenter of the 18t 


i] 


with your electroscope and see if you can detect a 


€ 


= 


3 
of. 


4 


em 


some brew recomme 
physician! After various experiments, Galvani ¢ 
that the legs generated the then little understood force 
electricity. All Europe became excited over his discovs 
and I believe that fashionable parties were given 
demonstrate the twitching of limbs which, it was beli 
would eventually show us how to restore the dead to h 
Then came the scientist Volta, whose name is 
memorated in the Volt, with, literally, rather a de 
He said: “‘ Your frogs’ legs are nothing but a bit 
rag. Give me two different metals and a wet rag 
will produce electricity.” Thus was invented the 
pile, the first ‘‘ battery.” It consisted of alternate | 
of moistened copper and zinc, x 
The Dry Battery.—A very simple Voltaic pile can 
constructed out of gold and silver paper. ake two she 
of gold leaf and paste them together. Next cut out « 
about one and a half inches in diameter. Do the same 
sheets of silver paper. Now get a glass tube—a cyli 
oil lamp shade will do—into which the discs will 
press them in, making sure that gold and silver a 
and ending with gold at one end and silver at the oth 
Fit corks to the shade and pass through them thin 
wires, making a good contact with the outermost 
gold disc. You will find a small current is gene: 
this may be tested with the electroscope or gal 
This is called a “dry” pile and will generate 
for a considerable time. 2 
The Wet Battery.—After his pile, Volta Pp 
make a “ couronne de tasses,”” which was 
battery. Instead of discs, he used bent bars 
zinc, arranging them in glass jars 


each jar contained one 


Bit 










1 substantial current. You may repeat this ; 

os * 

ur f, bending the strips of copper into the shape of « 

with square corners, and using jam jars. The current 
will be improved if water which contains a small quantity 
of sulphuric acid is used. Really pure water does not 
conduct electricity, and this is due to a cause similar to 
‘the one that prevents chemically dry coal from burning 
even when made red-hot. 
A very interesting story is told of the scientist Wollaston, 
"It is said that on meeting a friend in the street one day, 
he proceeded to make a microscopic pile, or battery, out 
of a thimble. This sounds almost incredible, but the 
description of how he went to work is worth giving, as 
there is no doubt that the pile will work, and those who 
’ like working with minute quantities may be interested 
in the Wollaston experiment. The part that is hard to 
believe is that even an inventor should have been carrying 
the — ingredients in his pocket—especially a 


Wollaston, it is said, produced a copper thimble, knocked 
out the bottom and flattened it with a stone. He then 
placed a small strip of zinc between the two copper sides, 
insulating it with a little sealing wax. This apparatus he 
_ placed in a glass container filled with water acidulated with 
4 little sulphuric acid. Finally he wound a piece of very 
- fine platinum wire round the copper and zinc. 


r of interest. It must 


ties of various kinds are so cheap that it is hardly 
the trouble of attempting to construct them, except — 
be remembered, however, 


































































cell, which is generally used for electric 
give a continuous current for more than five or | 
After that it requires a depolarising rest before it will 1 
again. If accumulators are not easy to obtain and cha 
a bi-chromate cell is well suited for all exp 
purposes. Die 
‘““ Sparking ” and ‘ Shorting.”’"—If you bring the 

connected to the two terminals of an accumul 
powerful battery together, you get a spark. This, of 
is in accordance with the law relating to the attr 
opposite charges. The 
electricity is so attracted 
that it leaps across the 
intervening air. The 
spark is only yellowish- 
white in air—in other TO BATTERY 
gases a number of dif- 
ferent colours are pro- 
duced, while in, a 
vacuum it is pure 
white. Very consider- 
able voltage or pressure 
is needed to bridge the 





Fic. 15. PassinG A SPARK 
PIECE OF PAPER. 


charge persed over the surface. It is never a 
ule Gly will he charge be prematurely exhausted’ uo 
_ the plates of the accumulator may be permanently 


to"; ; 


: Electro-magnets.—The construction of simple electro- 
magnets has been explained when dealing with the con- 
nection between magnetism and electricity. More powerful 
electro-magnets are more difficult to make, and are, perhaps, 
best bought. But you can, with a “core” of soft iron, 
the right kind of wire, and a good deal of patience, wind 
an electro-magnet for yourself. 

A Model Crane.—With a small electro-magnet—one 
Temoved from a door bell will serve—you can make a 
model crane. Suspend your electro-magnet at the end of 


> two fine copper wires which will wind easily over a reel, 


’ and connect them to a switch and battery. With this 
simple crane you will be able to raise small metallic objects, 
including the lid of a “tin,” for although tin is not 

> attracted to a magnet, the inner core is of iron. 
> Im the steel and metal industries electro-magnets are 
used for lifting bars of metal and scrap. The magnet is 
lowered on to the load, the current is switched on and the 
magnet raised with the steel or metal held to it by attraction. 
When the magnet has been moved to the desired position, 
it is lowered, the current is switched off and the load 
r Electro-magnets are also used for smashing scrap 
iron. A heavy metallic ball is raised by means of a magnet, 
ad when it is poised over the scrap, the current is switched 
The ball falls with great force and in due course is 

d up again for the process to be repeated. 


J 


led electro-magnets can be made the basis of 


to construct with an electro-magnet is an “o 

(Fig. 16). Later on I shall describe a simi 

doll worked by air pressure, but in this case 

does not, apparently, touch the doll or the conti 
The doll seemingly obeys the commands of 

rising, falling and dancing to order. For the ec 

of this ‘‘ mystery ” all you require is a small cel 

such as can be 

pence, an electro- 

battery and switch 

length of flex. 

at the feet so that 

a jar of water with 

thesurface. Clamp 

it—just to show 

tion! Avery con- 


as 
TO BATTERY 


AND SWITCH 
Fic, 16. THE OBEDIENT DOLL. 


purpose is one of those with a metal lid, in w 
or jam are packed. Next fix your el tro-mag 
middle of the table and a fraction of an 
underside of the wood. Carry the wires. 


































Now command j : 
and at the same time release the switch so that the cone 
_ is cut off. The doll will rise of its own buoyancy to the 
top, or it can be made to dance by switching the current 
- on and off very rapidly, but this takes a little practice, 
Tf someone else gives the orders, you have merely to 
synchronize the working of the switch in your hand to see 
that they are carried out. The most difficult part of this 
experiment, when performed in a drawing-room, is to 
Conceal the flex, but since our first object is not conjuring, 
this is, perhaps, not very important. 

The Tame Goldfish.—A similar experiment can be 
performed with a jar of “tame goldfish.” The goldfish 
are of celluloid or metal, and in e.ther case must contain 
Some magnetic substance. The electro-magnet and switch 
> ate arranged as before, and the fish can be made to swim 

‘round, sink and rise. By fixing a ‘ commutator” such as 
’ I shall describe when we come to the telegraph, you can 
' make-the current, and consequently the fish, reverse to 
order. 
Many interesting and amusing experiments of a more 
advanced nature can be performed with the aid of electro- 
‘Magnets. It is possible, for instance, to fry eggs on ice, 
to suspend a ring of metal in mid-air, or to light an electric 
“lamp by placing it in your ear! When seen on the stage, 
these experiments seem almost supernatural, but an under- 
standing of how they are done shows that the performers 
merely make use of the known laws of electricity for 


f electro-magnets whose size and construction depend 


ctac’ purposes. a 
Frying Eggs on Ice.—-All these experiments make use ig 


the conditions. Most of them call for a magnet 
considerably more powerful than that used in the — 
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ELECTRICAL E 
ordinary door bell. In order to fry eggs on i 
a fairly powerful electro-magnet with an iron 
under the table in the way I have described. — 
of ice, which may be as much as six inches thic 
above the magnet and a copper pan, into 
have been emptied, is laid on the ice. 
switched on, without, of course, the 
onlookers, and in a very short space of time the | 
to sizzle and fry ! 
The explanation is that the copper pan be 
language of electricity, the secondary circuit of . 
nating current transformer of which the electro-n 
possesses the core and primary winding. In si 
language, we may take it that the current is induced throu 
the ice into the pan, where Joule’s law, showing the 
nection between heat and energy, accounts for the ev: olution 
of heat in the pan. The “ lines of force” travel thr ‘S 
the ice with comparatively little loss of energy. An n= 
portant point is that the gap between the ice j 
electro-magnet should be as small as possible, or 
power will result, and further, there should be no co in 
material of any kind near to absorb the energy of 
magnet. If you can use a special table for this 
it is a good plan to cut « amell hols m 
wood so that the magnet ice are almost t 
This electric induction scheme is teastan 
Lighting a Lamp from the Ear.—Similar 
used for lighting a lamp from the ear. It 
prepare the lamp by connecting it 
about 1,400 to 1,500 turns. This 
baseboard. 


sy 
fie 
Wi 





s 


p will 
e + the 


method is exceedingly small, and inventors are busy 
ing to discover a more effective and less wasteful method __ 


will enable us to light our street lamps and homes 
ut going to the trouble and expense of connecting 
up with wires. The most hopeful method seems 
the transformation of electrical energy into ztherial 
(wireless waves) which are in turn reconverted into 
conditions of electrical energy at the receiving 
In theory this is fairly easy, but as yet it has not 
‘performed at a distance of more than a few yards, 
1 even then only with great loss of energy. A number 
remarkable experiments can be made by means of a 
coil, but this apparatus needs considerable power 
not always safe in the hands of an amateur. 
Levitation.” —The electro-magnet can also be used for 
itation ” act in which a metal ring is suspended in 
: (Fig. 17). There is really no deception about 
the metal ring really does hang in middle-air without 
visible support! An aluminium ring is best for this 
riment and it should be secured to the table with 
In piece of cotton—this can be explained, if you are 
n. deception, by saying that it is necessary to prevent 
from flying to the ceiling! When the electric 
is switched on in the magnet, the aluminium ring 
be raised as far as the cotton will permit, and will 
n suspended when your hand is removed. Actually, 
se, the explanation is that it is held suspended in 
ni agnetic field of the electro-magnet—you saw the 
; Pal iy Stee field when you performed the experi- 
, floating magnets which made patterns upon 


If von connect up the opposite poles es 


Fil ati a 5 


Here you have a simple form of electric 


of course, many years of research and tens of 
of pounds went to discover the ideal wire or “ fil 
This experiment of bringing the opposite poles 
should never be tried with a powerful current—such 
that used in houses, as the energy will be so great : 
you may seriously hurt yourself and will certainly blo 
afuse. However, with : 
a battery or accumu- 
lator of comparatively 
low pressure you are 
quite safe. 

Fuses.—Many people 
are ignorant of the pur- 
pose of a fuse and 
regard it merely as a 
nuisance which invari- 
ably has to be replaced 
at some awkward mo- TO BATTERY 
ment. If you take a AND SWITCH 


single strand of the ‘ 
4 rire Fic. 17, LeviraTiONn ACT IN WHICH A 
lightest fuse wife—@ “\ (rar RING IS SUSPENDED IN MID-ATR. 


couple of feet will only 

cost a penny—and connect it up with the opposite pol 
of an accumulator which has been recently charged, 
will find that the metal rapidly bends and eventually mel 
breaking the circuit. This is the function of a 
When, for some reason, the current approaches the da 
point, the metal, which is usually an alloy of bismuth 
cadmium, becomes hot and melts, thus breaking the circ 
It melts at a temperature well below that of © 
copper wire and therefore provides a safety valve v 

the means of saving many fires and acchdents.’ 

wire will melt in ordinary boiling water, and, as 








The Carbon “ Arc.”’—With a good four-volt accumulator 
| you can make an imitation of an “arc.” For many years 
the carbon arc was the only known means of electric 
lighting, and a very inconvenient form it was. The lamps 
a gave a prodigious heat, spluttered and required almost as 
= ~+=much attention as old-fashioned candles which had to be 



















snuffed. You require two sticks of carbon, which should 
be supported horizontally with the points a quarter of an 
inch or less apart. When you pass a current from the 
accumulator through the carbons, the ends will rapidly 
become incandescent, giving a momentarily brilliant light 
and intense heat. The ends burn away rapidly, so that 
if you wish your experiment to be continuous, you should 
fix one carbon in such a way that it can be pushed towards 
the other as they burn away. A small accumulator of low 
pressure will not provide a proper arc because the heat 
_ Causes a current to be produced which tends to resist that 
_ of the battery, You can make bright sparks, but for real 


Large : ; 
Supply plenty of flowing current. But the high 
battery as used in a radio set may be able to break 


‘ of two wires coming from the terminals of a si 



























very useful in many industrial processes. Indeec 
still one of the greatest artificial heating’ agents 


to man. 
Electrolysis.—If you place under water the bare 


accumulator, you will notice bubbles being formed round 

them. The effect will be intensified if you add a 
drops of acid to the water. With the ingenuity 
patience necessary to arrange the apparatus, by an 
current, you can split up water into its main compe 
elements, hydrogen and ores experiment is callec 


Fic. 18, THE ELECTROLYSIS OF WATER. 


take the insulated wires under the water in a bowl and) 
bring them up into two inverted test-tubes, filled | 
water, with their mouths just under the surface of - 
water in the bowl (Fig. 18). Switch on the cu 
the gases will collect in the test-tubes. You 
that far more gas is collected in one tube than in t 
the greater quantity is the hydrogen (H)._ The 
collects on the negative electrode and is th 

“ electro-negative ” ; while the oxygen (O) 
positive electrode and is called “ electre 
electric current will decompose 
they must be in liquid form, either i 





e difficult experiments in electro-chemistry 
med in the home, if a suitable workshop is available, 
in using high voltages, of course, the greatest care 
id be exercised. 

Carbide.”—Perhaps the most interesting of these 
sriments is the production of calcium carbide, popularly 
yown as “ carbide,” on a small scale. This compound 
produced at the rate of 500,000 tons a year for the 
~ production of acetylene gas, not only for lighting, but also 
for the oxy-acetylene flame used in cutting steel. On a 
large scale the compound is prepared by heating quick-lime 
_ with an excess of coke in an electric furnace. Few amateurs 
\ hhave the use of an electric furnace, but a voltage of between 
© ‘sixty and a hundred is sufficient to produce the compound. 
| The easiest way of conducting the experiment is to use a 
graphite crucible and a carbon anode. The carbon should 
most touch the bottom of the crucible. When the 
“current is switched on, great heat will be produced, and 
at this stage the quicklime and crushed carbon or coke 
Should be added. After the resulting mass has cooled, 
little can be thrown on to water, when acetylene 
fas, which can be recognised by its smell, will be 

evolved. 
Pigments.—Many of the pigments used by painters can 
; made by electrolysis. White lead, for instance, is the 
asis of most white paints, and it can be produced from 
ad and sodium carbonate, or washing soda. Dissolve a 
a pees ie with a little sodium carbonate in _ 
er, r the solution into a vessel containing two 
electrodes. Carbon di-oxide—the easy preparation of 


described later—should be bubbled through the 


slowly at the same time as the current is switched 


wh 


ELECTRICAL EXPERIMENTS 


collect the lead carbonate by pouring the liquid through 
a funnel in which a filter paper has been folded. 

A similar apparatus can be used for the production of 
other colours. Cadmium sulphide is a yellow compound, 
The changes necessary to produce this material in the 
same apparatus are simply the substitution of a strip of 
cadmium for the lead anode and of carbon for the lead 
cathode. Instead of potassium chlorate and sodium 
carbonate, use common salt as the electrolyte. The 
solution should be saturated, that is, incapable of dissolving 
more salt, In this case hydrogen sulphide and not carbon 
di-oxide should be passed through the apparatus, when 
clouds of finely-divided cadmium sulphide of a brilliant 
yellow colour will appear. 

Mercuric Bromide.—Another interesting experiment in 
electrolysis is the production of mercuric bromide, so 
that it glows with a brilliant orange light. For this you 
should place a shallow layer of mercury in a small dish 
and connect it up to the positive terminal of a battery by 
insulated wire. On top pour a weak solution of potassium 
bromide and dip into it a thin foil of platinum connected 
to the negative terminal of the battery. The “ bromide” 
will be formed on the surface of the mercury and will 
glow beautifully for several minutes. 

Etching on Metal.—Electrolysis is used for etching on 
steel, for silver and nickel plating, and altogether is one 
of the most useful processes known to the metal industry. 
Silverplating can be accomplished at home, but as the 
apparatus is rather expensive, I will leave enthusiasts who 
wish to try their hands to study the subjects in one of the 
many text-books. On the other hand, it is easy for you 
to etch your name and address on your tools or on any 
other metalli¢ objects. 

First type your name and address on a stencil sheet— 
sometimes called a mimeograph stencil. It is important 
that the type should be clean and, of course, the ribbon of 
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typewriter must be disengaged. 
loubtful, get a professional typist to do it for you, it 

not take two minutes. Cut out the lettering, leaving a 
reasonable margin.,; Make a saturated solution of copper 
sulphate. Now thee a piece of sheet copper slightly 
smaller than your stencil and on top of it place a piece of 
ns blotting or filter paper. Soak the blotting paper with the 
copper sulphate solution and lay the stencil over it, 
Place the tool or piece of steel to be etched on top of the 
stencil, making sure that it is clean. The current for 
the etching can be obtained from an ordinary car accumu- 
lator, the negative wire being brought into contact with 
the copper and the positive with the tool or other object 
to be etched. In about five minutes the name will be 
found to have been bitten into the tool—and no one will be 
able to remove it, unless they decide to eat it away with acid | 

The explanation of this method is fairly obvious. The 
stencil being of wax prevents the steel being attacked, 
except in the gaps cut by the typewriter, while the part 
played by the copper sulphate is that of an electrolyte. 

Copperplating. —Copperplating on steel is a fairly simple 
process, as long as the steel is clean. If you have a pocket 
knife you do not value, or if you can borrow one from a 
friend, you can copperplate it by merely dipping it into 
a solution of copper sulphate. After a time the copper 
will be deposited on the steel blade, making it look very 
pretty, but ruining its cutting qualities. Nickel can be 
deposited in a similar manner, but the fumes from the 
liquids used are very troublesome. 

Alloys.—Some metals have the curious and interesting 
Property of uniting with other metals to form new metals, 
agg are not chemical compounds and yet are very stable. 

commonest of these alloys is brass, to be found im — 
everyhome. Alloys are becomi: : 
the ialiee seunsen ante Fg and more numerous 
aes — - Segebasnoe ea produce exactly 
special » instead of having to 
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make do with the best available. In the ordinary 
car, for instance, some dozen or twenty different 
are used for different purposes. nis 
Mercury is very peculiar in its affection for other me’ 
Its alloys are called ‘‘ amalgams,” and the mercury 
amalgam is familiar to everyone who has had a t 
stopped! Usually no heat is required to form mer 
amalgams. You can use this knowledge to produce an 
amusing piece of deception. 3 


into a sixpence merely by wrapping it in your handker 
He will rightly disbelieve you, but will ly 
farthing as it will seem to be a good bargain. 
handkerchief you must have a few globules of es 
and when you have wrapped up the farthing you must 
the mercury over it. After some time you will find the © 
coin has become silvered all over, the mercury prec 
to the copper. When you return the farthing, which at 
a first glance will look like a-sixpence, be sure and tell 
your friend that you have played a trick on him, or he may — 
attempt to pass the sixpence and find himself in trouble! 
There is a danger that the mercury will not stick if 
cannot get into contact with the metallic copper because 
of a film of oxide such as is usually found on copper coins. 
This coating is easily removed by dipping the coin for a 
minute into a dilute solu- of) 
tion of nitric acid. 





THE TELEGRAPH 
AND TELEPHONE 


Although modern tele- 
graphic and telephonic 
apparatus is often ex- 
tremely complicated, it is 
possible to understand the 








“which astonished our grandfathers, but they can provide 
a great deal of amusement. 
The first and simplest form of the telegraph is the 





* needle” type still used in railway signal cabins. In this © 


instrument, use is made of the effect of a changing direction 
of current upon a compass needle. 

If you make a large coil of half a dozen turns of insulated 
wire and place in the centre a compass needle, you will 
be able to see the effect of altering the direction of the 
current. Connect up the ends of the wire with the 
terminals of a battery and the compass needle will swing 
into position, It is just as if you had presented the north 
pole of a magnet. Now reverse the connections, so that 
the wire which was connected to the positive terminal is 
connected to the negative terminal. The compass will 
swing round so that the other end of the needle is pointing 
to the wire. The effect is the same as if you had turned 
your bar magnet round and presented the south pole. 





A Home-made Telegraph.—For a home-made telegraph 


(Fig. 19) you need two compass needles to which you 
attach the indicating pointer by a spindle, supported in an 
_ Upright position, with the indicator in front and the 


bs a coil of wire, as you did in the previous experiment, and 









the needle will take u iti i i 
ili take up one position ; if you put it 

in another direction, it will turn in the “ it 

These positions enable messages to 


In order to change the direct; of the curren 
* . . , 
can, if you wish, simply hold the wires in pala 


. a? “a ends to a battery and to your sending station, 
fi Ow if you put the current through this wire in one direction, 7 


pposite direction. ~ 
kbose PRP : be transmitted im 
i, ioe one position standing for a dot and the othetg 


2 
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compass needle behind. Round the compass needle make a 













* from a door bell will serve. Now make a 



















and touch the correct terminals in turn, but us 

instrument called a commutator is used. In its si 
form this consists of four brass upright pieces fixed 
stand on insulating material, two of which support 
cylinder of insulating material along which run two t 
bands. Thus, when the cylinder is in one position, t 
bands are side by side and they touch two connections 
while when it is in the next position, the brass bands are 
under the second set of contacts and a connection is m 
across the other two uprights. By connecting two of t 
terminals to the telegraph instrument and two to # 
battery, you have a simple means of . 
changing the direction of the current, 

simply by turning the cylinder _ 


iif. 
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Fic. 20. A Morse “ SOUNDER.” 


A Morse “ Sounder.”—This is a quicker and an im 
proved simple form of telegraph instrument and is easie 
to make (Fig. 20). First obtain a wooden baseboard 
on it, towards one end, fix a small electro-mag “= 










and support it at one end so that the longer Iss 
over the magnet. The shorter end has a spring ttac 
to the baseboard so that when the arm is released | 

magnet it jumps back into place. end 


arm must have a terminal in it, an 























as if by the magnet and spring, you will find that two 
distinct sounds are made—a “ click” when it comes down 
and a broader “clack” when it goes up. A dot is 
represented by a quick “ click,” a dash by a longer “ clack,” 
Now connect up your magnet with a battery and by taking 
one wire on and off a terminal of the battery, you will 
produce a__ series 
of “clicks” and 
“ clacks.” For con- 


venience, this 

; “sounding ”’ is per- 

LeLe formed by a com- 

TO BATTERY mutating instrument 


fitted with a con- 

venient handle. 
The plain sounder 
is simpler to make. 
All you require is 
a metal arm, which 
when pressed down 
— up the battery circuit—it is mae a switch 
can be pressed off and on very rapidly by a key. When 


Fic. 21. Tue receruone. 


from your instrument; when you press it down for @ 


“invented for hr dma 
Codes, 





making tapping more rapid, 
ie and other mechanical 


you press this key down for an instant, you will get a dot 4 


longer time, you get a dash The i j 
\ ; ‘ e interval between letters 7 
is, of course, slightly longer, Expert operators can use 
» and many devices have been ~ 


ep 














































messages are automatically taken down | 
punch holes in a long paper tape. ia? * 

It is a good plan to memorize the Morse 
I give it here. : ie 
d <2) et ee 


Ee eee ee 

h.... bi. Jeoss* Roce eee “mm 
Oce+ piers. Q- he hae 
Vice Wane Kens epee ee 


Automatic Message-taker.—It is not hard to 
automatic message-taker for your home telegraph, altho 
it will be difficult to construct one that will work in ; 
absence, The easiest way is to substitute a pencil 
terminal at the end of your tapper, and to pass a paper 
under it at a regular speed. Each time the tapper descends ~ 
in response to an impulse, a mark will be made on 
tape, which you will afterwards be able to . 
easiest way in which to draw the paper is by gr 
attach a weight to it, and the paper can be to 
at a reasonably regular rate past a spring check. If 
are ingenious, however, you may be able to work the 
by clockwork or from your gramophone. 

The Telephone.—The telephone depends on the 
resistance provided by a microphone to the passa 
electrical current and to the turning of these v 
into sound by means of a di A very § 
microphone may be made with two thin blocks of ¢ 
and a carbon pencil (Fig. 21). Mount the carbon 
length of the pencil apart, so that the 
in place. Now the slightest pressure on the 
will tighten the grip on the , and 
be imperceptible to the eye, it will 
the resistance. The ns” shou 
them two terminals which, of ec 
and earpiece circuit: In making 
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"your mici on Sa and the prove bial 
Wl esond quite a crash! This is, im 
Rcettacy microphone, but it can provide considerable _ 
oment. 


EXPERIMENTS WITH HEAT 





EXPERIMENTS WITH HEAT — 


EAT is a form of energy which travels thr 
i the ether as waves or oscillations in much. 
same way as signals broadcast by wireless wave 
We could, with suitable apparatus, transmit sound by | 
waves, turning the sound waves into heat waves 
transmitting end and converting them back into | 
waves at the receiver. There would, however, be 
point in this experiment, for heat waves do not travel 
distances without considerable loss of energy. i 
Many experiments can be performed to show that | 
is a form of energy. We all know 
that wheel axles have to be oiled to 
keep them cool, and that the barrel 
of a gun soon becomes red hot if one 
shot after another is fired. Even the 
comparatively small amount of heat 
that reaches us from the sun may be 
set to work. You have probably 
noticed a radiometer in the window 
of an optician’s shop. This instru- 
ment, which is very simple in con- 
struction, has nothing to do with 
“ radio,” but takes its name from the © 
fact that it is worked by the radiations 
from the sun, Nor, is it, as many 
people imagine, worked by light. We 
have not yet managed to harness light — 
effectively. mee 
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vanes are contained in q_ the very hot and the other into the very co 


ral quite cheap to purchase and After a couple of minutes, put both hands into the 
a endless source of amusement. The instrument (Fig.22)  +~— warm basin. The water will feel far hotter to the 
consists of four vanes or arms, not unlike those of a... ~~ which ~=ihas been in cold water than to the hand y 
reather cock. At the end of each vane is a disc, painted has been in hot water. If you were asked to answer 
on one side black and on the other silver. Now the blak  +-— question “’ How hot is this water?” you would not know 
_ side absorbs heat more quickly than the silver or polished what to answer, because one hand would be telling y 
‘surface, so the instrument is rotated by the sun, which that it was rather hot and the other that it was cold! 
P: causes the pressure to vary on either side of the vanes. _ - It very soon became obvious to scientists that the 
_ Locomotive steam domes are polished to prevent heat would require some much more exact indicator of tem= — 
by radiation and radiators are blackened so that they | | —_—«~PeFature than the human hand. Glass, metals and air 
| throw off their heat. By placing one of the instruments |) apparently have no feelings and therefore record temperature 
fin front of an electric radiator, you can prove that itis \d Re 
> the heat waves and not the light waves from the sun that — A 
work the radiometer. The vanes will revolve, just as they 7) cA he 
_ would in the sunlight. If you place an iodine cell between 
_ the radiator and the radiometer, the vanes continue to work 
_ although the iodine cell cuts off all the light waves. But 
if you place an alum cell between the source of heat and 
; the radiometer, the vanes come to a standstill, although Fic, 23. HAT REFLECTED BY POLISHED SURFACES. 


you can see the light passing through the cell. The cell | — accurately and not so relatively as human beings. It i 
_ cuts off most of the heat waves which work the instrument. a good plan to use a thermometer for testing the temperatu 
aa Heat and Cold.—I have sometimes been asked: “If a. of your bath, instead of feeling it with your body. Ii 
heat is a source of energy, what is cold?” The answer your hands are very cold, the water will feel almost boiling, 
is, of course, that, actually, there is no such thingas“‘ cold” 4) —ibut ‘if you have been warming them by the fire it may 
=the word simply designates a certain degree of heat. . = not feel hot, and you may get into a bath that 
Usually we speak of a thing as cold if its temperature is — -__unhealthily warm. ‘ 

‘Tess than that of our bodies, but it is purely a relative term. - oo ‘* Radiant ’? Heat.—Heat waves behave, in many Ways, 
We talk of the tea being cold when its temperature is ss exactly like those of light; in fact, they are much © 
bout 80° degrees Centigrade, but we should call it “very _ same except in wave length. They can be refle 
_ hot” if we were bathing in this tea! Our hands afe —)  _ gefracted and split up just as can light waves. _Reflect 
exceedingly poor thermometers or measurers of tem- —C_eBiheat is usually called “ radiant,’’ and an increasing KNOW" 
fature. Take three basins and inn cn vidiie one MEME. edee of the reflection of heat has resulted ss 1 SR aay 
pour a little lukewarm water. In nrc parisy pour of more efficient fires with polished reflectors that throw 

Ee ert boiling water, and into the third water 
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simple experiment to show that heat is reflected by 


Place two polished concave mirrors, preferably of metal, 
some distance apart and Yacing each other. In the focus 
of one mirror place a red-hot poker and in the focus of 
the other a piece of tinder or a match. In a few moments 
the tinder or match will take fire, although you can place 


hand between the poker and the match without . : ; 


ing any appreciable heat. What happens is that the 
heat rays from the poker are focussed by one mirror, 
transmitted across the ether, and focussed on to the 
match by the other mirror. The air only resists their 
passage if it is still. , 

You can take advantage of this property of heat to 
construct, very simply, a “hob” for gas or electric fires 
(Fig. 24). Obtain a rectangular piece of burnished metal 
about the length of your fire. Bend it along its length 
in a curve so that it forms, roughly, a concave mirror. 
Support it so that when it stands in front of the fire, the 




























upwards. If you now place a grill across the top, you 
will find that kettles will be kept boiling or that toast can 
be made by placing the bread over the grill. You will 
probably need to experiment with the exact shape ired, 
~ but if you imagine the heat waves to be like light it should 
_ Mot be hard. You can, if desired, place a candle in the 
fire when it is out and then move your reflector about 
until, on looking straight down at the grill, you see the 
image of the candle clearly focussed. 





i : 
- polished surfaces can be arranged as follows (Fig. 23), 


heat rays striking the concave surface are reflected straight . x 


ed Heat.—Every boy who has used a “burning 

” will know that heat is refracted in almost exactly ~ 
, same way as light. A simple convex lens taken from 
ee Grice eee yoo, he sun will focus the rays. The 
bright spot you see is, of course, light, but since the — 

a 






















heat waves travel.along 
the same path, it serves 
as a useful guide and SSS 
enables you to set light CROSS SECTION 

to matches, paper or 
anything combustible. cea 
I do not doubt that eck 
many accidental fires 
owe their origin to a 
bowl of gold fish or to 
some similar ornament, _! 
placed on a table by 
the window, acting as 
a lens and focussing the sun’s heat rays. This is one of 
the reasons why it is dangerous to leave broken glass lying 
about on a heath, for a small fragment may act as a refractor 
and may give rise to a serious fire. ag 

Because it is the ether which is responsible for its — 
transport, heat travels equally well “in vacuo” as in 
air, and the radiometer is contained in a partial vacuum 
becaure there is less resistance to the vanes. 

The Burning Glass.—Your knowledge of the burning 
glass may enable you to win a bet that you can cut a piece” 
of string, sealed inside a bottle, in two. By means of a 
simple hook, connect a short piece of thin string or 
to the bottom of the cork and on the end hang a small 
weight. Now place the cork in the bottle so that the — 
string hangs down, then seal the | 
Try to persuade someone to tell 
that you cannot cut the weight off 
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Fic. 24. A SIMPLE “ HOB.” 





out breaking the seal, then go out in- 

the garden, focus the of the sun 

by means of a ifying glass 

the and in a few minutes 
FRONT be cut in two! If the sun is not 


Fic. 24a. able, you may be able to cut the : 
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Fic. 25. AN EXPANSION SEE-SAW. 

in the same way by focussing the heat rays from a strong 

gas fire or electric radiator. 

Expansion and Contraction.—Generally speaking, when 
the tetnperature of a substance is raised, it becomes larger. 
There is one notable peculiarity in connection with water 
—which I shall deal with later. Liquids expand more 
than solids when heated, and gases more than liquids. 
The tremendous force of expansion and contraction is 
used in straightening walls that are leaning over. A rod 
is attached to the wall at one end and to a screw at the 
other. The centre of the rod is then strongly heated, 
the screw tightened, and the whole apparatus allowed to 
cool. When the rod was heated it expanded, and when 
it cooled, it contracted, the force of contraction being so 
great that it pulled the wall up into position. It is because 
of this expansion that the rails on the permanent way of 
a railway are seldom allowed to touch. The difference 
in length between the rails of a railroad from London to 
Edinburgh in winter and summer works out at about 
338 yards | 

An Expansion See-saw.—A striking method of demon- 
strating the expansion of solids is by means of a metallic 
see-saw (Fig. 25). A light rod is required, a curtain rod 
or piece of stiff wire will do, three corks and some pins. 
Bore a hole through one of the corks and slip it to the 
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CONVECTION CURRENTS. 


| If a few grains of aniline dy: essel i 
this is then heated convection pote ge a ty ~~ ag Ae Bagge 


well-defined streams, 


colour up in 
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PP] BOILING A KETTLE ON ICE! 


Liquid sir, with which this kettle is filled, has such a low temperature that ice is 
intensely hot in comparison and will raise it to its boiling point. 
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¥ Sta other hand, if yout” body is cold 
“woollen coat, the air will prevent external fh 
your skin for some time. 
Comparing the Conducting Powers of Meta 
No two feo expand at exactly the same ra interesting method of comparing the conducting pow 
en heated. The term used for the unit rate of expansion - of different metals is to procure four strips of the mete 
the “coefficient of expansion.” The nearest approach yall of the same size. Screw the bars, which may be 
s between glass and platinum, and this is extremely usefull copper, brass or any other metal, so that they fo 
to the chemist. The platinum wires used in instrument cross and on the end of each bar place a small blob of wai 
fork are — into a glass tube Ww bich 1 Serves as a handle, (Fig. 27). Now heat the Ce of the cross with a « car 
and watch which blob ; 
of wax melts first. You 
will find that the first 
to melt is that on the 


Ze 
a, 


does not sick: ag iron or copper wire, on the other 
d, would probably make the glass crack. This similarit 


an used in some fort of dang ication ’ , 
exp sion is use ay m ns ¢ ae ger indic tion copper bar, the second 
1 coal mines. One of the few metals which expands #iay that on the brass, while 
it is cooled is also used commer cially for making type a th eth, heer ee 
i ) commercially tor mak 7 cs iron is last of all. This 
in order that it may closely co mnform with its surroun ding § aw shows that: the heat 


; i has been more quickly 
Elest: may be transferred from pla ce to piace In two = r ; absorbed and trans- 
*y jays other than by radiation; by conduction or by con-\ay! mitted by the copper 
vection. All substances conduct heat, but some conduct 7 ~ than by the iron. You ea has oie ae een 
‘so badly that ay are called insulators. On the wl hole, 4 : may make this experi- mamas mates Pg 
metals are good, while liquids and gases are comparatively 6 He, nent more striking by 
ir conductors. pomge air and water are bad ad Bnei ctors. | te fixing the live Hidad of a match to the end of the bars 
place of the grease. Then there will be no doubt wha 
suff iat to” ; _.. about which is frst 
ake water. steam, it warms the air hardly i. all. The® Copper is an exceedingly good conductor of heat 
Wpper air is, in fact, very cold, spi f the fact that | | this property has been made use of in a number of in 
» heat rays are passing through it continuo me y to the earth. tions. If you buy some copper gauze from the cl 


_ Heat and light do not leave the sun. It is the Serial and hold it over a gas flame, you will find that even 


motion which gives us the effects of these changes various’ a you press the gauze half-way down the flames, the ¢ 
ii riasearesa flame does not appear above the gauze. The: heat is is Vi 


rapidly conducted away by the copper, and 
distributed. This is made use of in the laborate 
a piece of copper gauze is always placed over th 


t is because air is a bad conductor that furs and k oltre 
othes are warm. ‘The little layer of air held by the fur. 
nis ol forms an paulaten which prevents heat escaping. 





ch 


flask whic 
“same principle is also employed 
Pv hich as saved the lives of count 
iners lamp, the flame is completely surrounde 
} copper gauze so that no flames or heat can come j 
+ contact with explosive gases outside. : 
Tf you turn on the gas, but do not light it, and th 
“place the gauze on top, you will find that the flame can 
be lit above the gauze and that it will not spread below od 
his again is because the copper is conducting nearly all 
¢ heat away and preventing it from raising the temperature, 
of the gas below. 7 
[i Magic” Candle Extinguisher.—This is easily nac 
He out of copper wire (Fig. 28). Wind a piece of cop 
wire round and round a broom handle or other circulat j 
Bbject, so that you have a small coil. Drop this coil over @ 
the flame of a candle so that it does not touch the flame, ay 
t completely surrounds it. In a few moments the | 
a flame will die down and go out. Here again, J 
the copper rapidly absorbs all the heat fro 
the flame, preventing it from vaporizing the 
wax and eventually putting it out. ; 
An “Impromptu Kettle.’"—Water is 
a very poor conductor of heat, but although 
this increases the time it takes for a kettle to. 
boil, it can be useful on occasions, For - 
' instance, it may be that you have gone out — 
. for a picnic and have forgotten the all- > 
important kettle. Provided you have a few | 
sheets of paper, there is no need to Worry, 
for you can soon boil the water for your tea. 


_Fold one of the sheets of paper into the i 


shape of a‘case, fill it with water and suspen 

it by pieces of string or cotton over your fire. ~ 
oe ‘The water will boil safely, so long as you — 
xouisner. prevent the flame from touching that part of 


ee 


Gg. 28.” 
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_ paper does not catch fire 
is that the water absorbs 
the heat, for although 
it is a bad conductor, 
it is not so bad as paper. 
Other Experiments.—In the same way, 
thin card, fold up the edges anc ‘place in it 
you will be able to melt the tin over a flame b 
card catches fire. The tin absorbs all the heat be 
burns the card. Here is another similar experimel 
Take a piece of bright copper or polished steel and stret 
over it a piece of muslin. Now drop a glowing 
the muslin and blow on it to keep it bright. The m 
will not burn for a long time, because the metal abs 
most of the heat. 5 
It is easy to pick a coin out of a hat when the me 
the penny which has been passed round in the warm hane 
of some friends can be felt by the experimenter to b 
than a dozen other pennies mixed together. Thi 
be made the basis of a very “ clever”. trick. nh 
To Make Gas Burn under a Handkerchief.—Take 
fine linen handkerchief, and wrap it round a coppem® 
jet. The jet must be of metal. This is indispen 
Turn on and light the gas, which will burn abouts 
handkerchief without injuring it. To succeed in. t 
"experiment it is necessary that the handkerchief sha 
quite closely to the metal without any crease whate 
It will be found advantageous to tie the handker 
athin copper wire, 
Ice in Boiling Water.—The most 
poor conducting powers of water is th 


in which ice remains unmelted (Fi . 29). 


lump of ice in the bottom of a 





@ pcm 
po able With » poad oa B eo ie ie reason = this is’ Gbvious if you am 
‘the heat would be carried along and evenly distribu } £ at water expands when heated i ae b 
rer the ice. ; he ighter. Hot water, being lighter than cold, Tise 
An alternative way of performing this experiment is to. surface, where it remains until it is comparé 
solace the lump of ice in a tinful of water. You wi : Ege and then it descends again, ‘Tt is fortunate fo 
bly need to weight the ice, as it is lighter than water, | __ this is so, or we should not be able to have cheap 
pour on to the surface of the water some olla water systems in our homes. If you examine your 
hylated spirits and light it. Even if the oil burns with water supply, you will find that the hot wate 
ee flame for a few minutes, the ice will be unmelted caeet, enters the tank ie: radiator at the 
»is because water is such a poor conductor of sh piticts,, 2nd the, cost ee 
t the bottom of the sea is very cold. Even in the ‘ at'the top, returning £0 Se ae 


to be reheated. The exit from 
opics where the ipartace wate: or i warm a a 
3 : “er bab ar the temperature.” the boiler is.at the top and the 
e probab ly noticed yourself s§ 


it ware ese at the poten 
; 3 you cannot obtain potassium 
ich toa cold spot ¢ quite cea’ by. =f _ permanganate for your experi- 
ow then, you may ask, does a kettle of water boil, ~ ment, sawdust placed in the 
Bifice the heat is not carried through the water from the ‘ bottom of the beaker of water 
bottom to the top? The answer is, by “co nvection.” RS _ will demonstrate the convection, 
tal you had placed the lump of ice on the surface of the but not so effectively. We depend 
iter and heated it from iadetuetths you would have found on convection for much of our 
it the ice melted long before the water boiled. bs weather. There are currents in 
Convection ’’ Currents.—A few crystals of potassium _ the sea because the water is heated in some places 
anganate will enable you very easily to see the effect ~ eooled in others ; while heated air rises in exactly the : 
of heat on w ater. Drop three or four crystals into @ i ~~—s way as heated water, allowing the cool air to sweep 
ker of cold water and warm tle water gently from. #)_ underneath—hence the winds on a summer evening. — 
ow (Fig. 30). Almost immediately you will notice 4 age Jt is because hot air rises that we are able to v 
vio opera colour rising like smoke from the crystals. = “our rooms. The air heated over the e, rises 
* smoke,” which is re eally water in which the perman- ie _ chimney and the fresh, cold air comes in bapa? 
sii is dissolved, will rise straight up until it comes to » bottom of the windows. In bas aky ss ai 
top of the water, then it will travel along the surface. MEME. building, the. outlets for the air are at 
or a little e and begin to descend. If it reaches the bottom a is the air heated by the breath of a rie of pol 
the whole water has taken up the colour, 3 fo bed callings od Waren 
make om: turn and travel up once more . Expansion . 


A Ate 





maximum density at 39.2° F.—séven 


above freezing point. If you heat water at this 
ature it expands, and if you cool it, expansion 
takes place! You cannot make a given amount of 
smaller than at this temperature. If it is winter- 
» you can perform an interesting experiment to 
monstrate this fact; but in summer-time you will 
eed a freezing mixture made of crushed ice and salt. 
‘Take an ordinary hen’s egg and “ blow it” by means 
‘two small holes, one at each end. After the contents 
been removed, sea! one hole with wax and in the 
r place a very small wire hook, fixing it with sealing 
ix. On the hook hang a small lead weight, such as is 
@d by fishermen. Fill a jar with water at ordinary 
ip temperature and place the egg in it, adjusting the 
wht so that it just rests on the bottom. Now place 
jat out of doors, if it is frosty, or if the weather is 
fm, in your freezing mixture. At first the egg will 
slowly, because a fall in temperature causes the water 
ecome more dense. Then there will come a time when 
egg remains stationary, after which it will fall and 
tinue falling until ice begins to form. The temperature 
“which the egg remained still was, of course, 39.2° F. 
er the temperature had fallen below this point, the 
er began to expand and the egg therefore sank. If 
bring the jar indoors, or remove it from the freezing 
ture, you will be able to observe the phenomena taking 
all over again. 
ng and Freezing Points.—These both depend upon 
spheric pressure. For this reason, water boils at 
y much lower temperature on a high mountain than 
level, and connoisseurs say that you cannot make a 


cicO, where water boils at 198° F., instead of 212° F. 
level, it is impossible to cook potatoes properly. 


Here is a striking experiment, based on 
water boils at a lower temperature under redu 
Fill a glass flask three-quarters full of distilled 
boil it up. Keep it boiling for some minutes un 
steam has driven out most of the air, then cork 
while it is still boiling and remove the source of heat. 
The water will stop boiling, but if after a minute 
two you invert the flask and squeeze a sponge full ce 
water over it, the water will begin to boil again 
keep it up for some time. What appears to the unini 
to be something like 
magic, boiling water 
by pouring cold 
water on it, is quite 
simply explained. 
When the air was 
driven out, the pres- 
sure inside the flask surroat 
was reduced, and the 
pouring of cold water 
on the flask reduced 
the pressure © still 
further by condens- 
ing the water vapour. Thus, although the water 
a temperature far below boiling point under © 
pressure, it was above the boiling point at a pres 
half an atmosphere. If you shake the bottle im 
you have the water, you will hear it fall with ac 
metallic click, as if it were mercury. There is no 
soften the impact of water against glass. This 
effect’ can cause damage in steam pipes wh 
roperly designed. yr : a 
3 Hosrurities and dissolved substances raise ‘the. 
point and lower the freezing point. Water in 
there is salt dissolved does not boil until it has reac 


(= 


Fic. 31. PASSING A LOOP OF WIRE 
A BLOCK OF ICE WITHOUT CUTTING IT EY 


temperature of 216 or 218°F., and if you mix. 





the lid femly with wire, or better still, solder ; in po 


‘i as ‘Now place the tin in a freezing mixture and 
sing a Loop of Wire Through a Block of Ice Without 3) —sCOA soon as ice forms, the tin will open down the seam | 
ge Fad Aue eeirgd the on course, = y push — your solder, pw! the ice is larger than 
ie int and lowers the fr g point. “9a  =—s water and must escape somehow. erimenters 
nce it is possible to pass a loop of wire right through a “97 oe broken hollow cannon balls in this rs and no. dot 
of ice without cutting it in two, It can’t be don 1? ae ~ you have had your water pipes broken by a frost. re 
ell, although it sounds rather like the trick of sawing m=. this pre sale acting on fissures in rocks feagel 
ough the lady which was popular some years ago “! 
4s how to make the test. Obtain a block of ice and _ 
+ it between two chairs, not forgetting to have a 
* Pub ‘to catch the drips! Hang a heavy weight by a large ie “All these Dy cee, in the pied of cela 
Hoop of wire and pass the loop over the ice so that the : boiling points are used in modern industry. Ne mode 


ight hangs straight down (Fig. 31). The wire will = = jam factory, for instance, boils the fruit in open pan 
© the ice, slowly going in further and further. In’ ee Closed pans are used so that the fruit and sugar can b 
7}! ‘ ItMer aha A . ythg 5 % 


aes half sath. “ant ahi hour s time, tie witeaell heated to a high temperature without boiling, which by 
+ Cit break up ae detest fruit. The “ super-heated 
have cut right through the ice and the wei 
i . is cooked in ten minutes, where before it required two 6 
lo the ground. But the block of ice \ ps i , 
‘Th bac iviiae 1 tence $k withou ding it intotween three tae Super-h@ated ’‘ saucepans are also 
4 Sheil rs pee eee te ‘Th sr Right tie n & in many households and, because of the high temperatul 
> freight exer ™ 1 : eee 
otbiens § anation is simple. ie Ween + ‘ a tely a Pe the toughest meat can be made tender. At a pressum 3 
he wire increases the pressure on the ice immedia 7 — . of twice that of the atmosphere, water does not boil until 
beneath it. The ice turns for wates because of the increase =) _ the temperature is 234°F., and some superheaters go 
_ pressure, and the wire cuts through. But as soon as the” to three and four atmospheres. Unless the whole pan 
ire has passed, the pressure returns to normal and the | i ~ enclosed, of course, the water does not rise above 212° Fay 
ter refreezes. It is this princ iple w ih you ae? when, ~_ asall the heat is taken up in converting the water into steam 
ueezing a snowball. The increased pressure of your _..,, How to Reduce Water to Below 0° Centigrade Without 
hand sea a crete the snow, Nae you to form 5 eta — Weare —e freely of oh boiling pe 
ball. $ soon as the pressure is released, the snow hardens | ; or freezing point of a liquid, but it is not always rea 
again. Skaters roll along on a film of water produced by ‘ ~ that this point may be dependant upon conditions 
ye pressure of their skates upon the ice. : a from those of posite: For instance, it i 
j Tce i is lighter than water—that is why it floats as it freezes. A cool distilled and air-free water far below 
This means that a pint of water, when frozen, occupies — freezing point of o° C. without ice we. pele 
more space than a pint of ice. The force exerted is not already in contact with any ice, You bas 
yy the prending © water is tremendous—quite as great as Bee ey ‘ Pua rte 





Rete ha. Cette So oe eS 


ca : t eevit dos , = 
eventually take place, it is exceedingly rapid aod extends 
L ough the whole liquid almost instantaneously. B , 
better subject than pure water for this experiment 
is a solution of “ hypo”’ used by photographers, chemically 


e crystals, adding more and more of the solid, until no — 
will dissolve. Filter off any surplus while the 


tion. is still hot and then set it in a jar to cool, taking — 
avoid any vibration and covering the mouth with — 

st to prevent the entry of dust particles. 

the — cools, it continues 5 to hold dissolves 


‘ 


ne temperature. Drop in a tiny piece of the solid ore 


na speck of dust and the whole liquid will crystallize 


ntly into a solid mass. It is very striking. A © 


lution like this that holds more than the ordinary quantity 
solid at a given temperature is called ‘“‘ super-saturated.” 


can be used as. the | basis of a trick method of turning ~ 


er’’ into “ ice.’ 
“Transition ” Points.— -Many people talk of “heat” 


“temperature” as if they were one and the same 7 
g. They are quite different; indeed, it is possible 


to abstract or add heat under certain conditions without 


nging the temperature of the body. This phenomenon | 


fcalieal a “transition.” All sibitanidhes have a transition 


nt—the temperature at which the phenomenon may” 
observed. Water has two transition points—one at 


temperature of steam and the other at freezing point. 
eel has several, and very important they are to the 
rineer or metallurgist. 


The transition f points. Fe steel can be esitnvonstrated quite ; 


a back of one end. If an electric current 1s pa 
oe through the wire from end to end, the wire sags becaw 
of its expansion due to heat. If the current is then 

_switched off, it will be noticed that the wire contracts 


it cools. Then at a certain temperature it remains 8 

for a second or two and then actually lengthens ! 
phenomenon is due to the evolution of stored heat as 

iron passes one transition point. Different steels oa 


different transition points, depending on their exact com= 


position, and the physical properties of the metals — 


at the different transition points. 


Geysers which are 
found in volcanic dis- / 
tricts depend for their / ? 
working on the fact Wh My its AGE se 
that water under pres- I) * 
sure has to be heated 
far above 212° F., the 
usual boiling point, 
before it turns into 
steam. The water in 
the geyser is heated from below and the pressure prevents 
it boiling before a very high temperature is reached. Then? 
suddenly it bursts out, is almost instantly turned int 


“LIGHTING THE UNBURNT ee 
IN A CANDLE, 


steam when it reaches the normal pressure of the su 


the force shooting the water high into the air. This ve 
explains why geysers “spout’ with almost 


regularity at intervals, instead of continuously. 


A Home-made Geyser.—This is not hard to constru 
Obtain a long metal tube, and seal it at one end, Tf 
the other end off to a fine point. The tube should” 
about three inches wide at the bottom. Fill the 
with water and heat it strongly at the bottom. Af 
short time, the “ geyser” will spout at regular interval 


_ The steam is prevented frome escaping until the = 





: ee a ye + ; o 
hting the Unburnt Gas in a Candle.—Heat is 
ed by burning or combustion and there is much 
Jearned even from the burning of a common candle, 
if you look at the flame closely, tom will see that 1 
; definite sections or zones. — 
ou will see a zone that is almost colourless 
en towards the outside, you will see a zone that is brigh 
and gives out the actual light. The cape peas | 
consists of unburnt gases. If you bend a piece of glass — 
twice almost at right angles, and place one end = } 
‘centre of the flame, the unburnt gas will be led a ‘ 
mA can be lit at the other end of the tube (Fig. 32). - 
the tube is raised a little, so that it is un the bright part 


faint smoke wil ut of the other 
Sof the flame, only a faint smoke will come © 


d. The a ight is « t ating of carbon — 
4° The actual light is due to the heating 


cles ] $ : ae 
a Petrol Motor Works.—Combustion ot we a aS 
js a chemical action. Two elements or corny ree: te f, 
> form new substances with such vigour oe re re. 
sometimes light, are produced. It may hapr en bin Bs ee 
Moresuiting products are vety much evel = bape me oy . 
"the original materials, and they are made one an aot 
the heat of the flame. At 18 this fact which make ha 
petrol motor possible. An explosion, such as takes evs 
“the cylinder of a motor, is really only very rapic 
ation. Modern high-speed cameras have si eae ra 
he flame from the spark usually burns relativ ely pe’ 
gum the cylinder. The oxygen and the petrol vapo 
ambine to form gases so hot that they are much 
volume and the energy of these expanding gases 


iston. Boe : 
ae Candle Consumes Air.—It is easy to show 
Ry 


rth a a ii Py 
‘candle consumes air when it burns. Place a small 


a basin of 
invert a glass jar over th 
dle, will see the water slowly — 
e up, showing that a gas is being 
iup. The candle will rapidly go 
> out because all the oxygen has been 
_ burnt, while carbon di-oxide and nitro- 
gen, neither of which support combus- 
_ tion under ordinary conditions, are left. 
Another interesting experiment is 


® to. make two tumblers cling together. 


=| Light a small candle or a piece of 
) paper in the bottom of one tumbler 
and place a sheet of paper over the 
mouth. Then invert the other tumbler 
over the paper and you will be able 
to lift up the two together. They 
cling together because the removal of : 
the oxygen by the burning has created a partial vacuum. 
_ Making a Candle Burn in a Lampshade.—A_ cand] 
needs oxygen to burn, and if you can obtain one of th 
old-fashioned oil lamp shades, with a bulge in the middle, — 
you can perform an interesting experiment in feeding oxygen 
‘toa flame. Place the glass shade over a candle and it wil 
quickly go out because the hot air rises and the fresh airy 
» cannot get down. Now take a strip of stiff paper, the sa 
» width as the diameter of the top of the shade. Fold the. 
paper over a piece of wire, so that it hangs down, af 
‘support the wire over the top of the same shade in. such 
“a way that the paper divides the chimney into two (Fig. | 
| The candle will burn up with a clear light. This is beea 
* the hot used air ascends through one side, leaving the 0 
© side free for the fresh air to pass down. You can 
the currents going up and down with a match flame. — 
will see it respond to the current. ee Ra 


2 - 


D 





it “came apart in her hand!” You will 
n break a glass if you hald a silver spoon in it while 
r in the hot water. The silver spoon is a good 


Ge) 


or and carries off the heat, distributing it evenly. 


rel Way of Cutting Glass.—The habit that glass 
breaking under sudden changes of temperature 


‘occasions, be useful. If you have knocked off the ss 
there is no need to discard 7 


" ; piece of string in 
methylated spirits, remove the surplus liquid 
4 the bottle where you wish it cut. Then 


Immediately after it has burned, — 
and give it a sharp tap. The — 


a 














or two the colours will have absorbed beat 


81.) 


an hour 


very deep into the snow, while white 
surface, showing that there has been hardly 
of heat at all. Yellow evidently absorbs heat 
this square has sunk well into the snow, but is 
down as the black. Ba os 

More Experiments with Heat.—To show how heat 
produce distortion, stick a match through the top ¢ 
box, leaving the.“ business ’’ end uppermost. 
other end of the box put half-a-crown and balan 
match with the plain end on the coin and the 
against the “ live” end of the vertical match. / 
to remove the half-crown without upsetting 
and then light the balanced match near # 
and wait until the plain part curls safely 


T BY COLOURS. 
(See pase 


snow. After 


the snow accordingly. 


im the sun on level 


: 
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a 
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cloth of different colours are 


Squares of 
wo a greater oF 
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a 
Choe ofa em pipe with’ eles vad k 
a covering cap with moist clay. If the pipe is ‘nov 
e in the fire, leaving the stem projecting, the gas 
it issues and the bow! will be found full of a ghutidl 
ty residue which contains many kinds of valu 
dicines, dyes, and other chemicals. In low tempera’ 
lal processes most of the gas and oil is extract ed, leavitj 
a fuel which burns somewhat in the fashion of soft coke. 
"A number of tricks can be performed by making use 
Ee "poor conductivity of most objegs. If you dip 
anana in grain alcohol, it can be gnited and safely eatel 
£ the breath is blown outwards while the bana 
proaches the mouth. 


is makes a better trick than the sel ection of a penny 
@ warm to the touch by the handling of an audience, } 
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What Light is—Light is a fascinatu 
which scientists are not yet agreed, but an 
that it is produced by some sort of waves in the 
It is possible to measure the length of these waves 
compared with the length of wireless waves ‘they are 
exceedingly short, a very small fraction of an inch. 

Light does not actually leave the sun. It is the sun 
which sets the ether into movement and this movemen 
transmitted to the earth, where it happens to produce t 
sensation of light. It is only certain wave lengths th 
we can visually appreciate. Light itself does not exi 
other than as a human sensation any more than does t! 
smell of an onion. When we come to certain’ lig 
vibrations such as X-rays, we find that they are invisible, 
shorter still, and of different type. Light travels as we 
through a vacuum as it does through air—otherwise 1 
could not have electric lamps. Many electric be IS 2 
evacuated ; hence the “ pop” when the glass is : 
broken. oe a 

It is obvious that some lights are brighter tha 
and shadows are a convenient means of | 
brightness of two or more lights, A shadow,, 
not actually ‘anything ’—it is merely the negatio 
just as cold is the absence of an average amount 
Darkness is the complete absence of visible ligh 


‘The Photometer.—Here is a simple method 


a dispute about the relative values of two lig 


- 


can use candles for the experiment, or po 


See See ies 





u wish to compare and place thei § in front of the screen, 
htly to each side of the unlighted candle, They will 
fow two shadows on to the screen, each of different 
Atensity. Move the candles backward rds and forwards, in : 
@ line vertical to the screen, until the shadows they ca a 
Seem of the same intensity. Then m easure the distanced 


if 


} 


ye of the lamps from the unlighted candle and their relative. * 


© values are inversely proportional to the square of th 
ances. In other words, the pasthier candle gives a bette 
ight than that nearer to the scre This instrument is: 
© called a photometer, and is useful for f finding the ‘‘ candle 
er” of a light. Orig mally, ¢ andle-power meant the 
light given by a standard cand le, but to-day we have more / 
‘accurate methods of measurement. 
“Another good form of “a instrument consists of a | 
@ecteen of writing paper with a grease spot in the centre. 
Place a lig ghted candle on one side of the screen and the | 
Tamp t to be anapp™ on the — Yo yu will see the grease 
“Spot as a patch of bright light, but if you move the lamp _ 
~ about there will come a time when the grease spot 
disappears, showing that the same 
amount of light is falling on it from 


‘square of their dis- 


tances from the 
screen. That is to 
say, if your candle 
was one foot from 
the screen and the 
electric torch or other 
lamp you were mea- 
rates two feet, the 


pos ‘ble to sap? two shadow S F a relia Aisi a 
to travel in opposite directions. bon is seemingly i impossibl 
feat is accomplished as follows. First make a cardbe 
whee >| about eight inches in diameter and cut teeth in 
ige so that the shadow will show which’ way it is 
3. 35). Fix the wheel by means of a pin in its ce 
to a stick, so that it spins round easily. If you 2 
wheel parallel to the wall in a dark room, with two ¢ 
> each side of it, you will get two shadows, whi 
olve in the same direction as the wheel, Now, b 
can they be made to revolve in opposite directions ? > Hi 
the wheel at right angles to the wall and move it ‘up 
down in a line sere een the candles. All ofa sudden yo 
will notice rag e shadow i is bec oming circula J 


eeu, 

with 1 e lil it. “Tf you cut sections ~% cone pa 
base, you will find that- they are circular, and 
possible to cut sections inclined to these, 


a circu lar—they are called the —— sections of 





e E “parts cut off the sun’s light st en 
___ while the white translucent portions allow. the li 
‘same o i : ‘id through and colour the surface black or ‘ : 
: Tr é i! _cinematograph a “ positive” is used; the light part le 
= he ‘experiment > ia , 
“a unds a little credible until you have tried it but it ; a _ through the light and therefore appears white on the ser 
~ * perf ne and with * aoe ll ae because there is no direct chemical or actinic actio 
= ec Senuine and with practice you can find the correct fais An Experiment with Four Candles.—Here 
 poeatlag oon pty gl tronomical effects, light y teresting little experiment to show how the rays of ligh 
: c i 7h} ~—s + from differen ces keep distinct, even if they ha 
a travels i in straight lines unless bent by some extern al object, si es neater Pi oe ven if they have to 


a pass through a single opening. Get a rather large pie = 
ce bending is known as refraction, and I shall deal with | of cardboard and several candles, Prop the card upl 
a little later. If you wish to see light pen in a 


vertically below and have the caridles arranged in a row 
ht line, pull down the blinds in a room which has on the other side parallel to the broad side of the cardboard : 
it been swept, and make a pin-hole in the blind so th and three to four inches from it. Make one pin-hole i in the 
> sunlight can stream through. You will see a fine beam” 4 card just at the height of the candle flames. Place a piece "y 
light, and it is absolutely straight, as you can demonstrate “ap of white paper on the far side of the card, light the cane 5, 
y putting a long ruler in it, or by stretching a piece of 7m and darken the room. 
Cotton along its length. As soon as you let the cotton 7 How many spots of light will you see falling? on the 
light disappears. k paper? Well, there will be just as many as there are | 
Tis not actually the light which you see, but the reflection “au candle flames. All the lights have to find their way through 
the light from thousands of minute particles of dust. “3R one little hole, yet they sort themselves out when the 
You can also see the light Bivelling g in straight lines if” x fall on the paper. a 
ou look at the projector ina cinema. The dust and smoke = Silhouettes.—These are sometimes very popular and 
| by the audience become brilliantly illuminated in rk a sily —_ ay a yatta ag ro 
x K thev are sib i eS the shadow of his profile is cast on a piece of pa 
Be ene though they are Bhi ee ee Move the light sede until this shadow fs sharply outlined, ~7 


is beam, travelling to the screen, is perfectly straight, 1 %, 
ay eT Y t rwards you can 
ou can see it apparently moving about as it follows Then mark round it with a pencil. “After : 
and y 2PP y black in the picture, or you can reduce i and cut it out, 


€ white parts of the picture. The black, of course, is “ : 

Gets Xa ths Gece cae BN cate purer and 

It is shadows that make possible the whole process of (aim sensitive sit i ee Pr _— ba ihe aki < ile : 

tography. ‘The. darker parts of a landscape or person | a he silhouette in Di. a ie x on é ecreenss 
thro to the camera so much light as those ; black ‘on. one saa ang hite 93 pee fo 5 ee 


7 
J 


SL 


y 


hs < it i in 
i Gohberuence; in the.‘ ‘ negative” ai You draw the shadow | on the white ide tf 


ark parts are shown almost white; the sensitive finish ed. 


en affected by the light rays. When ‘e : tee Be ‘. 
Reflecti L lishe 
ed against a Piece of sensitized paper, {3 mp 7: a1 thes i. rf aot Pe : 





Motel is fade. and eatinaia into the lens ¢ 


the ait of 
ic law, but it has 
significance in “everyday life. Imagine the 
iculty of shaving or doing your hair, for instance, if — 
ou could never be certain at what angle the light from % 
your head would be reflected | As it is, every many — 
woman ‘and child makes instincti\ ve use of this law by 
rand ing exactly in front of @ mirror % 
t prove this for et quite simply, uaixig? a 
Stand the glass ns 
[ it on a piece Sof paper and mark - its position with a” q 
. Then stick a pin in the paper in front of the mirror — 
d another further away from the mirror, so that the two 
7 hark an oblique line to the reflecting surface. Now lower | 
your head and look in the : mitror until you see the reflece 7 
Btons of the pins. Get them ina straight line and put pi 
un the spots where they appear to be. Remove the 
hand pins and join up the holes made by the pins. 
» will find that the angle made to the mirror by the first two 
© pins is the same as that made by the second two pins ; 

Ke that the apparent ‘Position of the images is the same | 
© distance from the mirror as the objects. This proves the @ 
: “second law a. rae i is the same distance 

it em ie 


1 


i 


that the | 
Tsing is leaping 
ching the sheet. 


of ‘Many stage an 
is tl 


i 


Exact measurements make ‘it possible for the act 


in front of the camera and to appear to be sta 


balcony of a palace or on the stairs of a large ; 
actually, the background is a simple painted cloth. 
An interesting illusion, which can be made with a li 
patience and half a dozen mitrors, makes it ‘possible to. 
Re: through a block of stone.”’ The illustration (Fig. 36) = 
hows the arrangement of the apparatus, A “ telescope ’”= 
is apparently divided in two by a large block of stone or ; 
wood, but the observer, on placing his eye at the end of 


EEL Of LE 


TET LTE TL 


the telescope, can see an object placed at the other end» 
of the instrument. The deception is simple, The supports — 
of the telescope are hollow, and the light from the object ae 
is reflected down the vertical piece by a mirror. At the 
bottom another mirror, inclined at an angle, sends - 
light along a horizontal tube under the block « of stone, * 3 
while two more mirrors reflect it upwards to the e  eye-pig « 
If you propose to construct the pparatu 

which can afford a good deal a Si 


as 


coat the inside of the he 


paint, so that none of the }j 
from: the walls. You will 1 


"exact angle at which the 3 





k the prindiple the 
‘scope, which is so useful i in war and, i am told, in pe 
: for watching processions and football matches where 
om r is a large crowd. A simple periscope can be construct 
ut of a long rectangular wooden box, open at both ends, 
* Cut away the wood of one side at each end so as to allow 
ithe light to enter and to provide an eye-piece. ‘Then 
© arrange y your mirrors at angles so that the image is reflected 
| down the length of the instrument. With this periscope, 
you will be able to see over walls. Actually, of course, 
the periscopes used in submarines are far more compli- 
‘cated, using lenses as well as mirrors in order to bring 
‘distant objects to a sharp focus. 
‘A useful application of the reflecting mirror principle, 
if you live in an upper at, is to screw a large mirror just 
Outside the window so that it reflects upwards an image of 
the doorstep. Then if the bell il rings, you can see, without 
putting your head out of the window, who it is, and thus 


ve yoursel surney: wnhstairs. In many “9m 
ae your elf some useless jc ys down saa they reflect the walls and floor of the bare room, the 
continental towns nearly every house has a mirror outside 


eo «Si reflections coinciding with the real walls and ceiling, and § 
Rie room so that the occupants can see ™ ho 8 4 a thus appearing real. A little experiment is necessary to 7) 
: a ~ 4 obtain the exact reflection required, but once the mirrors of 
er —If you can secure the use of @ 75 have been screwed into place, the illusion is remarkable 
© number of “te mirrors, you can arrange some very — There is no doubt that }t has been used as the basis of 
striking illusions for parties or bazaars. Perhaps the best ts many fraudulently produced “ spirit’’ phenomena. i 
is the “ Talking Head” (Fig. 3 In this illusion, a head, ~ . = ‘‘ Ghosts.”"—Ghosts cn the stage are produced _ in a 
_ apparently Placed on a table, ‘and with no body visible, similar manner and you can give a very fair imitation with — 
Wers questions and rolls its eyes and moves its lips. 4 the articles available in every home. The real flesh and 
egs, so that ‘Spectators can see noth is _ blood “‘ ghost,’ covered in a sheet and with rattling chains, — 
subdued light is necessary § w alks beneath the stage and is reflected ey an ‘inclined 


. 37. THE “TALKING BEA 


The illusion is worked in this way. A hole is cut in the 77 
table, through which a man pushes his head. He is 
comfortably seated underneath on a low chair. Hiding ae 
his body from onlookers are three large mirrors, which a 

‘cae 


fit under the table-top, The mirrors are so arranged that |= 


a 





B reposing at the 0 
i draw ‘out, not a silver 
. anation is simple. The carbon, « 
_ of very filly divided perticles, i is not wetted by the 


s Ghost.” 1 lusion the im 
. is reflected upwards on to a column | 
aoke- issuing ae he apparatus. In the darkness, | 


image of the ghost is brightly illuminated and coal B and holds a very fine film of a va aie bel es ss 


and throws back hb 
“very realistic. | . the ligt rt to th 


A better-known form of this illusion is that secured. 
allowing the see to view some scene through a piece 
of glass inclined at forty-five degrees to the adios 
Another group of persons is situated so that \ 
» are brightly stint ed their image is reflected na those 
in front of the glass. The original scene can be made 
to fade away by reducing its lighting as the light upon 
_ the reflected scene is increas ved, and by this simple means — 
one view can be made to fade away as the other appears, — 
‘A more modern version of this trick, rather Ree iy to” 
perform at home, is a ghost that walks g 
‘audience, but disappears as soon ; ) up. 
‘this experiment, ba n aes de ‘Cust igs to be introduail +h 
* into the room. dust has the pect uliar property of 37 oy 
shining brightly in linet let rays and of being invisible Ft 
in ordinary dull white light. From a hidden lantern the 99 
image of the ghost is thrown into the darkened room by 
ultra-violet light and brilliantly shown up by the barum z n 
oxide dust. If one of the audience, becoming suspicious, (ay Fat. 9 Tas * GuosT,”” 
ete suddenly wre on the lizhts, there will be aa al is removed from the water, of course, the film of air 
to be seen, for the tra~viol et light and the dust are both 7m” ‘ 
iibisibie. is s0dn ‘as the light is turned out, the ‘“ ghost “aman dispersed and the egg appears black. ‘Therefore it 


A 2 to remember that all that litters at 
"appears again. It can be masa fo talk through a hidden a $s not gold ; ‘or even <fen is ee tie meetin: = ‘ond 
microphone. a 


~ While on ‘the subject of cae it is worth noticing 
The Silver Egs.”—An amus ging illusion, produced by ‘that no one has ever seen himself a 
me, eflection, i is “ The Silver Egg.” Blacken an egg by holdin 


“you stand in front of a mirror, your 
ina smoky candle flame until it is coated all over with — mand of your image, = Tu i 











































sel as you appear to others, but you  . sstomed: 
“to this idea, that you instinctively mace) 0. mental 

adjustment necessary to use the’ correct hanw to, say, 
remove a smut which the mirro: shows you on your left ~ 
cheek. 

Refraction of Light by Water and Other Substances.— 
One of the oldest experiments with light, it was first per- 
formed, I believe, over a thousand years ago by an Arab 
chemist, demonstrates the refraction or bending of light 
rays by water. Put a penny, or if you crn get it, half-a- 
crown, in the bottem of a wide-mouthed bowl. Now walk 
_ backwards away from the bow] until the coin just disappears 
from view. Then stop. Now get a friend to pour water 
into the bow], and suddenly the penny will appear. Be 
careful not to move your position during the pouring 
process. 

The explanation is that the rays of light from the coin 
have been bent, and do not travel straight to your eye. 
They are bent at the surface of the water, when they pass 
from the denser to the lighter medium. If you now siphon 
the water out of thd bowl, the coin will again disappear 
from view. This refraction of the light rays by weter 
explains why it is necessary for the angler to stand well 
back from the river if he wishes to remain hidden from 
the fish. Because of their position in the water, the fish 
can see much further back across the bank than could a 
man floating on the surface. : 

Different transparent suostances bend light to a varying 
degree: they have different refractive indices, @s the 
physicist puts it. The substance with the highest known 
refractive index is diamond, and this is why, when it 18 
cut in small facets, it throws back so many little beams 
The art of the cutter is to cut the stone in such 
many rays of light as possible are refracted 
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SILHOUETTES. (See page 89.) 
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ifferent parts ‘s the same 
nperatures may act as 
of light passes from warm air to colder air, it is ben 
ay “have e noticed what appears to be hot air rising 


© yer a ‘coke fire. Actually, it is not hot air or smoke, | 


i ‘b it ‘simply the “lis ght "” being bent at a number of angles 
}t enters the region of hot air. This gives 
ppearance, not u unlike smoke ascending. 
, When the refracting surface is curved, the ray , 
; bent even mor If it is curved in one way, the ray is 
mt further back ; if in the other, in the opposite direction, 
other words, a convex lens, which bulges outwards, 


ngs a parallel beam of light to a focus; and a concave — 


lens, bending inwards, spreads it out. A simple magni 
ing glass is a convex lens, and so is the lens in your eye. — 
the Human Eye——This has many limitations, as I shall 
ou, but on the whole it is an ama: aly automatic, 
but mechanically faulty, optical instrument. It adapts 
f instantly to all kinds of conditions, brings objects 
distances to a focus and appears to be capable of 
Unlimited service. It can get to work in a small 


} ol 
_of a second, for it has been calculated by means = 


iments with an electric spark that the eye can 
ie ag printed letters on a page in forty billionths of a 
ond ! But, curiously enough, when we try to look at 


ry | faint star it seems to disappear. The best way to 


again is to concentrate t the vision on a spot a little 
away from it, yhen it will immediately return 


nd Spot."—As. most people know, when light 
ters the eye; it is an by the ee on the sensitive 


pated the impressions to” ‘the 


a wavy” 


A 


: 
iN 


+ 
} 
a 


Saal 


“@ 
a 


ice 
pe ! 
ee wee 


Fic. cag Ficoll 


phenomenon of the a ‘ blind s 


z 


on | a piece of white paper and, 4, about two e 
away, a small black dot (Fig. 39). If you hold 
at arm’s length, you will be able to see both 
the cross, but if you close one eye. and keep the 
on the cross, bringing the paper closer and closer to 
eye, you will find that the spot suddenly disappears fi 
view. If you now bring the paper still closer to your eye 
you will find that the spot reappears. 

The spot usually vanishes about eight or nine 
from the eye. It is difficult, therefore, to believe. 
excuse of cricketers who explain their scattered’ stumps b 

aying that the ball was on their blind spot! i 

if you examine most good cameras, you will find ; an iris 
that may be opened and closed according to the amount: 
of light available, the length of the exposure, and other 

conditions. The eye has an iris of a similar’type, excep 
that it is automatic and beautifully graded. You can se 
its action easily in cats. In bright sunlight, the pup 
of a cat’s eye seems a mere pin-head, but in a half light, yd 
or even in artificial light, the iris opens and the pup 
appears much larger. Get a friend to look at a strong” 
light for a second or two and then look away. If you” 
look into his eye, you will see the iris close as he looks] 
at the strong light, ge then open again slowly when he? 
looks away.. You can even observe this in your own ey 
by looking in a mirror “abe moving a source of light firs 
nearer and then further away from your face. 

The lens in the eye, of course, inverts all images. a & 
reason why we do not see things upside down is’ simp 
that the nerves at brain have . power of return g be 





\fliction can exist. If you wish to see the action of a lens. 


without going to the expense of obtaining one, a pin-hole- 
. > ts a 


| an a piece of paper will serve excellently. 


eo 


_ Stand the paper upright in a darkened room, then place ; 


» a candle in front of it. Next, using another piece of paper ~ 


as a screen, move the candle about until you focus the 
mage through the pin-hole on a screen. You will see the 

i} flame burning, apparently, upside down. If you were able 
to throw an image on the retina without allowing it to be 
inverted, you would also see it upside down. Here is a 
method by which you can bring this to pass. You need 
the experi- 


. . : en . « - 
only a small piece of cardboard and a pin f 


or 

ment. Make a pin-hole in the cardboard and, holding it 
in front of your eye, look through it at the electric light. 
Then hold a pin closer to your eye. You will see it 


g 


apparently inverted! The explanation is simple, The 


pin-hole in the cardboard acts as a preliminary lens, 
inverting the image of the pin so that the pin appears 
upright on your retina. Your nerves, acting according to 
experience, turn the image upside down, a process which 


© usually brings it the right way up, but in this case results — 


your seeing the pin upside down. 

The fact that the eye is easily deceived is the basis of 
scores of optical illusions (see Chapter VII).. Some of 
“them are used in everyday life. For instance, a lady 
inclined to be stout knows that she looks better in black 


‘than in white clothes. But she does not understand why. | 


‘The reason is that white, because it reflects most light, 


1 


impresses itself on the eye longer than black, and, therefore, F 


akes objects look larger than they really are. In the 
100 SO Sue oe 


oe 


in a suit with vertical stripes, 

horizontal stripes. Ree 
Each of our eyes sees separately, although 1 

work at their best in conjunction. With one 


do so because habit enables the brain to tell whe 

two lines of vision cross. For this reason it is som: 

considered unsafe for people with one eye to motor, 

I cannot imagine a person with one eye making a really gc 

billiards player. It is because we have two eyes tha 

are able to see objects in three dimensions, or, as it is of 

called, stereoscopically. We feel that, when we look™ 

something, we can see behind it. Because a photograph 2 

&o to speak, taken with only one eye, it appears flat ane 

comparatively lifeless. Stereoscopic cameras have twoy 

lenses and two plates arranged to represent the view=™ 

points of two eyes. When a picture is taken simultaneous 
with these two cameras, 
and the resulting pic- 
tures placed in @ 
“ stereoscope,” whic 
combines the 


through your han 
If you offer to show a” 
Pa . Se NS * 
ue A friend a view through his_ 
I. WOKING THROUGH, YOU it ab 
: »~ HAND. | f ‘ One bly 





a 3 que ¢ 
S t hi @ of paper, six or eight inches in 
(Fig. him place it t to his right ey 
1 get him to ‘hold left hand half-way down the tube — 
of his left eye and ask him what he sees (Fig. 41). 


see, apparently, a hole in his hand, th rough which — 


see the objects in the room. The explanation you | 


ve to him will be, of co —e that the right eye was. 
¢ things through the tube over a limited compass, _ 
hile ey left eye was is i view bl locked ; _ the result 


was ‘lcoling. through tl 


cide nt of birth which mak 
} 


“It is cake an 
sensitive to light — 
ys ‘can be used photo- 


raphically to a limited degree. 
‘AIL these illusions teach us the danger of jumping to 
onclusions regarding the things we see. We all know 
Stories of travellers in the desert who have walked for 
ours towards an oasis, only to find that it was mirage” 
band did not, in fact, exist at all. There is the same 
danger in everyday life if i 
enses without knowing their we< 
Sang of Vision.—Another 
led “ Petwsrence of vision.” 
succession of obey of E the sar an in the same a 
on, you think you are looking at the same picture all 
time. - The eye “carries over’’ the vision of one 
2 to the next so that tus appear to be the same. 
of th most popular entertainments of 
illusion for its effect. 
atograph. When you look at the screen, you think 
é figures or pictures of figures moving. You actually |@ 
g of the sort. You see a series of detached = 
but the eye is too slow to divide them and you @ 
distinguish each separate picture. No one would 
oo times a second the light is entirely 


| This al uusion can easily be 
in many ways. iece. F string, which i is smoulde 
at one a: wl 
of fire. W Whe en you whirl some es the diagrams : 
= pages round, you will see them apparently moving; 
In the same way, the spokes of a wheel ofa Moving 
car seem to be continuous although a camera opened 
one-thousandth of a second, a much shorter period 1 
tirt e than the eye can appreciate, shows them 
perfectly still ; F 
The phenomenon of. 
persistence of _ vision 
can be demonstrat 
rotating a disc vy 
black on one side and 
whi the other. 
disc out of 
making it 
shes in diameter. 
two small holes, 
me each side of the 
diameter on either side ‘ ; Aue | og 
of the disc, and thread through each a piece of str 
about nine inches long. Knot the st rings © so that y 
have two loops. By twisting the loops and pulling» wil 
your hands, you will be able to make the dis¢ rotate very 
rapidly. You will see that it appears to be grey-—they 
shade half-way bet ween bla ck and white. If you use 
other “ colours,” the fe alting colour will always be. 
blend of the tw o— thn e tint as you would get i 


ry ¥ Dn Ae] my 
. 42. WHEN TRE DISC Is ROTAT 
THE FIGURES APPEAR TO BOX, 


mixed the corresj ponding water colours. © Ee 


Make a similar dise and‘ paint in the centre a colou 
star. “The remainder of the disc should be som 


4 
‘colour. When you rotate the disc, you will see thet rm 


centre takes the colour of the star, wi e the edges take the 
neutral colour of the background. This failing of the eye 


és 





a 


you's [ae 4 pees 
wh Becrpencesedt dete rd inside the 
eet The vision of the bird persists sufficiently long to 


pose it over that of the cage, and the bird seems to have 
stepped inside the bars. In this way you can combine all 
orts of pictures—y ou. can have a cricketer with a bat on 
ine side and a set of stumps on the other, or you may 
ave him with his. bat on the ground in one picture and 


nearly as bad as it sounds. It is an BEL, ni 
resembling a Praxinoscope, and in principle i is exacth 
same as the nietiay. but is simpler ee construct, - 


cha white (Fig. 45). Ou ke white dine oa past 


res 


of a boy performing consecutive actions, just 


with it lifted up in the air on the next, when he will appear - 3a on the band of the Zootrope, except that the pic 
be hittinz a ball very jerkily and very quickly, if the . “ly arranged clockwise. Then you cut long slits in. 
Card is not moving too fast. In the same way, you can — Vee. disc to correspond with the c centre of each of the 
aw two boxers, one either side of the disc, one being to © '. It is important that the slits should exactly fit. 
i left of the circle, the other to the right, as shown in 7 fix the two discs at opposite ends of a metal 
. 42. When the disc is rotated, the figures will appear _ "9 that it can be revolved horizontally. Tf you give 


P, to box. 7. ; a Gis: and peer th 


The Zootrope.—There used to be a very popular toy . _ fi 
d the Zootrope, which was really the forerunner of — a ake ; will see the 
‘cinematograph. This toy can easi ily be constructed. a — | ge movement 
consists of a circular band of thin “neal in which 3 et This is a simple piece: 
ng rectangular slits are cut at 1 at intervals (Fig. 44). apparatus for producin 
The cardboard band turns on a horizontal axis and inside patterns fromad 
placed a paper strip on which are drawn successive reflection. 
ctures of a movement (Fig. 43). Thus you can ea tele 3 as im = form consists 
girl skipping with a rope or two boxers fighting in@ <a) 0s AN es: See mirrors, hinged 
If bier! rotate the haeesent rap and Peet ai pes of sticking pa 
s which appeat = ; . mirrors ate stoo 
Exibus. The light i is ‘out off at regul r intervals, $ if | Bae Sei angles, and the 
‘is with a cinematograph fi film, so it is surprising § {- Baa he "oe ; be “ kaleieineate 
this toy which was. popular fifty years ago, did not © pa ce 
n : invention of the moving picture as we | them. The nut 
seedy The real difficulty tae n making the | Rh ee _ flections | 
film. ; = ee eee ite pattern when lool 
on ‘Another scientific toy which was © ee kas eae z a > 9 from the ae 
h ephenatasc ope. It was not alas Rae, Be-4 





‘Actually, of course, 
light itself, The sea looks — 
the light rays except | 


ob ee 


mS absorbs 


piece of paper is white because i 

burs of the visible spectrum, whic 
rena taba ink looks. black | 
id reflects n one. You 


slack to be only the 


are not pedciehily. sensitive. Some experts hold” 
165 different “‘ primary ”’ colours, and we 


Even these we only observe with a small” ak > 


The retina, or sitive screen of the eye, 


pete is a method whith enables you tar 


r vis sion, by hol 
then h sid 
eye 2 and a cane ow card in fro 
mu will : see not blue and yellow, Dut ¢ 
u will experier ce a competition betwe 
it varies with different people. “iE y you Tepe at the 
De ime nt wit pth red and green cards, you * will find thee 


it vision is supposed t to 5 take place on ly at some ver 
pint, made up of “ cones’ which slope on both 
”? bie ar: 
‘rods.’ The cones are sul to be sensitiv 
S, while the rods are not, only grey, bes 
‘ mor 


f us a 


h we cannot see because 


* 


colours only in a con nparatively small spot ci 


is to fix 5 your eyes on a spot 


t of you 2 
‘then to ask a friend to move card: 0 different colo 
from behind your head to one i 


‘sure 


appear grey instead of in ‘thelr true coloats ; 


as the cards come directly in front o y 
the colour sensitive spots, they ppeat “quite tae 
coloured. : : 
Colour-blindness —Quite a reek of men, nearly ons 
in ten, are more or less “ colour-blind. " That i is to say, | 
they do not see colours as do the majority of us, but they.’ 
confuse certain colours and often see red as black. There: 
are many different types of colour-blindness, but if yo 
wish to know how the commonest “type of colour-bli 
man sees things, prociae some green-blue glass from a 
dealer. I believe the colour is called technically “Signal 
glass." Out of a sheet of this ee — yourself a ps 
of spectacles or a 





| ile we ing your | 
# chances are against your ‘succeeding, ; 
j sloured piece of wool. ‘Another similar 
to pick cout a piece of pink wool from strands 
Here again you will probably be unable to” 


tinguish the colours. 


~ plue. 


#4 


With lantern slides made of this coloured ‘liad, 5 you , 


ean provide endless amusement for an audience and, 

S Sacidentally, enable them to appreciate the difficulties of 
‘the man who is colour-blind, A double thickness of glass 
‘may be n necessary in making the slides, which, when in 

© the lantern, will prevent any rays of red light from reaching 
eyond them. You and your ‘audience, therefore, will be 


colour-blind- hae is, although your eyes are sensitive to 
The light 


m red light, there will be no red light to see. 
Pissuing from the lantern will look quite ordinary as re- 
© flected by the minute dust particles in the air, in fact, 


© until an ordinary white light is switched on, you will 
not suspect that there is anythi ing abnormal at all. 

’ Now if you have a picture of, say, John Peel in 
unting coat, an advertisement poster would serve very 


“you can ask one of od audience to s 


his red 


p 


state what coloured coat he thinks the an is wearing. | 


f he is hon nest, and does not guess, he will probably say 
black” or “drab,” for this is how the c a will appear 
the “ doped” light from the lantern. Everyone in the 
oom will agree. Then if you turn up the lights, or pu 
ordinary plain glass slide in your lantern, the coat W’ 
Sap ypear bright: ‘scarlet, and you will hav e considerabl 
‘difficulty in Cowincing. your astonished audience that yor 
ve not changed 1 the | ures by sleight of hand. ; 
ative is to wear a brilliant red tie with ab 
Users, “and to ask your audience whether th 
your tie matches your. suit. They will ] prob 


a 


tep forward 


ee 


Les 


be a eS 


a ie 


reply 


change their opinions when you turn on the o ois As ligh 
aihe s method i is used, of course, ag od deal on the sta 
_ where the “ spot lights ” can » make ‘ 


a 

uorescent materials are added to every costume. In o 
form of imitation stereoscopy the ; udience are given 
‘glasses with one red and one oe lens. Alternate 
pictures in* red and green, taken from cameras a sligh 
distance apart, are displayed so that the two views 
finally combined by the brain into one perspective. = 

How to Match Patterned Cloths.—I believe that wome 
sometimes find difficulty in matching a plain cloth agains 
a patterned one of a different shade. A simple way to 
ensure that there is no “ clash” is to find the “ general ” 
colour of the patterned material, then there is little difia © 
culty in matching. Make a small cardboard top, by 
cutting a disc out of stiff cardboard and putting a sharpened 
pencil through the centre. This should spin quite effec-) 
tively when given a twist with the fingers. If you now” 
cover your top with the patterned: material and set the™ 
top spinning, the various colours will blend and give yot 
a tone. It should be a simple matter to match! hapa 
colour, a5! fe you are one in gr Ities, mal a 
wes ing on 


ee, by the ee material, fet ee secon 


- matching material, You will easily see whether the 


tone or blend. e. 
Complementary Colours.—The experiments which ror 
made with ‘‘ after images ” with black and white subjects 
can be repeated with coloured objects. Inthe case of 
colours, the after image will be of the complementary. a 

colour; green will give a red after image, and orange will 
give blue. Prepare a Pisce of ai which #4 equally 





see 
bi alementary ’ * colours. 
c eplation os this phenomenon is that 
ve ed when looking at a given colour, 
hen, Manes afterwards, white is presented to it, 
ye refuses to. respond to the rays producing that 
and asa result the complementary colour, which 
DB ixed with the original g gives a ‘“‘ neutral” colour, appears. 
y gana < of the Bhotometer x W hich you ucted 
CO e intensity of two lights (page . $6) , you 
n produce ph mary shadows—a remarkable phenomenon, 
‘hich i is very puzzling when first seen Having arranged 
i) Aine! hted candle or pencil which is to provide the 
shisdo ry e your two lights about until the shadows 
lap in a avery dark part. The remaining parts of the 
shadow must be of equal intensity. You will understan 1 
1 for this test, with two li ghts of equal streng 
t Now in fr 
vot ights place.a piece of red yi s. The immedi 
“slag oly to turn the hadow ‘avatin ar 6 green 


& 


“hat question ev en experts are hot Sable to answ om- 
oe satisfactorily, but it is generally supposed that it is 
ye to some physiological effect of the “ after i: nage.”” 

f you repeat. the experiment, using a blue glass in place 
of the red one, the shadow will a appear b blue and yell ow. 
/ You can use any colour you choose, and in every case, one 
half of the shadow will be illuminated with the coloured 
ight, while the other will give the comp lementary colour. 
This is one of t ficulties of colour photography. 


ful: purple and red tints do not 


“appear on the plate, aha no device can make 


for they exist only in our eyes | Modern 
that the man who said “Seeing | is. Believing: 
way from the truth! ; 
** The Interference of Light.” —A very inter 
can be made with a piece of mica—although if yo 
obtain a sheet of this substance from a hardware di de 
very thin flexible glass or gelatine will serve almost as 
In a darkened room prepare a spirit lamp by sprin 
it a little common salt, so that it gives only yellow 
The sodium in the salt gives the flame a char 
yellow, and the light is “* monochromatic,” that i 
it gives out only the yellows esis of rays of the spe 
This is 
using a spectrosc ope to split up the Tight giv 
material when it is glowing, and examining its 01 . 
parts. = 
Now, holding your piece of mica between, finger and 
aa ge 
thumb, bend it back slightly and position it in front ¢ 
the spirit lamp, You will at once see the reflection of th 
flame and across it a number of dark bands. “If you : 
look at the mica in ordinary light, you will see the dai 
bands are no longer there. How are they praia 
The phenomenon was first observed by the Bri 
chemist “Young y about a century ago and is ¢ * 
Interference of Light.” The explanation depends 
aheor y that lig ght is is a . form of wave motion, and that ’ 
the c 
and troughs ark 10 ther, the motion i is annih d | 
ness results. You can call it.“ ‘ hetrod yning 
a comparable phenomenon occurs in sound, givi g 
of silence. So when one ray strikes the fron nt of 
mica mirror and coincides with another ra ‘hittin 
back of it, you obtain a black band. 
have monochromatic light because w. 
of w aves ve et: dulersiy lengths 










n (pag » 177), and let it alight in a glass tumbler 
ported by thé brim. Then place a candle 
bh and on the other side a focussing screen 
d glass, a piece of translucent paper stretched 
‘frame, or a cardboard sheet. After a few 
4 of colours will appear on the screen, and 
bble drains, they will increase in intensity. 
ytion to ensure long life to your soap bubble 
s holding it with glycerine. The colours 
tantly because of the varying density of 
this iment with one of 
tic lights I have described, you will see 
those seen in the mica mirror. 

-—A common phenomenon connected 
‘we all see every day of the week, is 
you look at a street lamp on a wet day, 
apy ing out in streaks— 














1 c "4 
another easy way of observing the 
known as “ Newton’s Rings.” Make a — 
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THE VISIBLE SPECTRUM. 
A glass prism splits up light, and the 
cast on a screen, 


“spectrum can be magnified by a lens and 


(See page 113.) 





EXPERIMENTS WITH LIGHT 


cut a hole and place some sort of light inside—a candle 
will serve. Now switch out the light. Your friends will 
probably say that the windmill is unfinished as it has no™ 
sails, You can tell them, if you like, that they are blind, 
and hand them a small frame of silk gauze tightly stretched? 
On looking through this gauze at the windmill, they will 
see that it has apparently luminous sails. This is due, of 
course, to the diffusion of the light coming from the upper 
window which is spread out like a cross. If the silkias 
rotated round and round, the sails will appear to revolve 
The explanation of this phenomenon is that light is split 
up as it passes through small solid particles. In the case 
of a wet lamp, it is the small raindrops ; in the case ofthe 
silk frame, it is the silk. The smaller the particles, the 
greater the diffusion. 

The Sunset.—This effect is responsible for many of the 
beauties of the sunset. The fine dust particles in the air 
plit up some rays and absorb others. We see the splitting 
up at sunset and sunrise because the light rays have to 
travel through a greater body of dust particles than they 
do when the sun is overhead, although if you live ina 
large city, you have probably seen the sum as a red ball 
in the middle of the day during a fog. The dirt particles 
absorb all the light rays except the red, which are at the 
lower end of the spectrum and have the greatest penetrating 
power. It is for this reason that red lights are used/on 
acrodromes—they are visible to aeroplanes when white and 
blue lights would be quite hidden by fog. . 

The Visible Spectrum,—With a glass prism you 
split up light and see the “ spectrum ”’ om a scheen: 
experiment must be performed in a darkened for 
you have lenses to produce a small ray of light fro 
or lantern, so much the better; otherwise, che 
into which the sun is streaming and make * 
the blind. Allow the ray to impinge on a 


and. put a paper screen behind it. You w 
P.S.R. 
H 


















(CN OUND, like ich and as is ip, by oscillations, . be 
Ss but unlike light and heat, it requires some definite 
J substance in which to vibrate. Light and heat can” 

travel through a vacuum, but not so sound. If you hav 
an air pump, you can prove this for ‘yourself. Put an_ 
electric bell under a large glass jar, placed upside : down | on 
a well-greased wooden plate through which two holes have 
been bored to admit the electric wires. Make a third hole ® . 
for your air pump and render all the joins quite airtight 4 
with strong wax. Now set your bell ringing by switching 
on the current. Work the air pump and the rin ging of 
the bell, which is very loud at first, will become fainter 
and fainter, eventually dying away a altogether. If you 
now allow the air to enter once more, you will hear the 
bell faintly at first, and more and | ‘more distinctly. as a thes: hi 
air fills the vacuum, 

_ Sound is Caused by Vibrations.—That pons caused 
by vibrations can be shown in a number of wa 
a knitting needle or other springy piece of steel 
and clamp it tightly. Give the end of the nee 
tap and you will hear a high singing sound emi 
the needle is very. flexible, you will see ‘its. end tray 

an oval shape very rapidly ;_ indeed, so ra - that 
persistence of vision will m e it Took lik like a 
or champagne glass. 
; 1 Tuning Fork —If you exami 
be pear ing, you will notice that | 
veg paid lly over ‘small, distance 















































bg note g | 
n the fork are trang 
vege Gtoeie in sympathy, and the 
sound waves ae set up cause the drum of your ear 
oscillate in response while your brain interprets the sountia 
1 you think of the range of the scales, of the endless 


ions of chords and tones produced by different! 


ents, you will marvel at the number of Possible 
wavele gths and combinations of wavelengths which th 
m ear can select, classify and appreciate. 
: ‘The Human aly t the ear, like the human eve, i 
not a perfect scientifi instrument. It is, for instance 
‘sometimes more sensitive after a heavy meal than when 
‘the stomach is e y, a f 
- be between sixteen a second and some thousands a second 
* The irritant value of a note is not alw ays deci dé by its | 
} @udibility. Some people can hear much higher notes than 
thers, and investigations show that we can hear the more» 
eg upper Pitch vibrations better in youth than in old 
age. 
A “ Silen ” Dog Whistle.—Animals, of course, can 
hear higher notes than we can, and with a littl 2 ingenuity 
; ssible to make a eee that cannot re heard by 
Bg but to which a dog answers readily. It is 
reason that dogs are often so. sensitive to mpuaies 4 
ch some of the very high ‘ ‘ overtones’ which : 
&-our ears, and you will find that the instrument to 
they are most sensitive is the violin, which is 


a the vibrations it can hear must’ 
. 


ch in overtones. “Silent” dog whistles are 
j ing, small piece at a time from the: » 


ary whistle which has been plugged at. 
id e cut until, to human ears, it loses © 


te and mie like ee hiss of creping pany 


eat this 
rll respond iramediately, pee 
How i Hear Like an Antelope —If you are an domes 


; wireless constructor and can secure a microphone cheaply, 
you can make a very amusing instrument which. will enab ‘ 
you to hear like an antelope. We know that these anin 

‘in the wild state, especially, have very sharp ears, < 


far 


the instrument will make you realize how kind N: 


- has been in making our hearing less sensitive to sound | { 


First, make out of wood or metal a horn for catching the 
sound. This may have endless varieties of shape, but» 
the easiest is like a megaphone. If metal is used, bind it” K 
with glued tape to remove some of its resonance. At the 
end of this place your microphone, and carry the wires to | 
an amplifier, two valves should be sufficient. . Now place 
the instrument facing down the road and “‘ listen in” on 
a pair of earphones. With such an apparatus I have™ 
heard the thud, thud of a policeman’s footsteps at dead 
of night when he was a hundred yards away and overheard” 
a s of a conversation taking place in the house opposite ! 
Life in a civilized town would be intolerable if we heard: Be 
like this all the time ! ‘ 

t is interesting to remember that, with an increase of 
intelligence and nervous sensitivity, man is losing some of. 
his acute senses and that he may need many forms of 
mechanical aid in the distant future. At present, although” 
we have the largest average range of senses, individually 
these are less developed than in some of the humblest of 
creatures. Big 

No man can feel so delicately as a spider, hear 
under the ground like a bird, or sense the tread ofa th 


- foot, as can a worm beneath the earth’s s 


seem to possess some sensation of sight 
has long been atrophied in man. 


‘To return to our fork vibrat “on on 


ite an ety ae sox as. 





String Instruments. is is what happens ; 

‘string instruments,” such as the violin, the vallercnt 
the double bass. In the case of the huge double bass, you 
| Can see the strings vibrating easily enough and feel the 

wood trembling in sympathy. The texture of the wood 
the way it is treated, its shape and a hundred other points 
decide the “‘ quality’ of the note emitted, and thus it is 
that Stradivarius violins are worth a fortune, because of 
the perfection of their design and workmanship. There is 
- another point—musicians value their violins because of 
‘the “ purity” of the notes they give. This means that 
» there are no extraneous vibrations—only the musical over- 
tones. It is possible, therefore, that in the case of the 
old violins, the beauty of the sound they emit depends 
upon the amount which they have been played. All the 
particles of the wood have been “ put into their places,” 
) and so give no trouble with unwanted sounds. In the 
» future we may have machines constructed to play violins 
hight and day for a year or two to produce perfect 
instruments ! 

: The Singing Wine Glass.—Everyone is familiar with the 
Singing wine glass which gives out a musical note when the 
‘wetted rim is stroked with the finger. If there is water in 
the glass, you will see when you rub the edge that little 
waves are produced on the water. If, instead of running 

uur finger round the glass, you rub it in one place only, 
"you will find that the waves, instead of occurring all over 

surface of the water, occupy only definite positions, 
other parts remaining perfectly calm. 


explanation is that the wine glass vibrates in sections _ 
“nodes,” or places where there is no vibration. — 


that these nodes occur at the point where 


ata on the other 


connected by an imaginary line, form a diameter ¢ 
the first at right angles. Between these four 1 
will find four other places where there is very | 
agitation. = : 

To make the nodes more easily seen, cut a cross | 
paper, place it symmetrically over the glass and be: 
edges of the arms down over the rim. You can then mm 
the cross follow your finger round the glass by t 
slightly to one side of one arm. If you rub direc 
one arm, you will find that the cross remains un 
but if you rub to one side, the cross is no longer m 
over the nodes, and the agitation will tend to send it tov 
the places where there is no vibration, that is, over 
finger. Move your finger on a little further and the er 
will follow. ? 

Dislodging the 
Rider.—A popu- 
lar after-dinner 
trick when wine 
glasses were under 
discussion used to be to tear a tiny piece of paper, 
it over, and place it so that it “ sat astride ” the wi 
The problem was to dislodge the “ rider” 
it. Anyone who understood nodes, of course, ” 
drew an imaginary diameter across the glass from 
“ rider,’? and then rubbed his finger on the glass am e' 
of a circle away. The rider was then immediately thro 
off. If you rub your finger exactly opposite the rider, | 
will observe it jump a little, but it will not come off. W 
you perform these experiments with wine gias 
way, the thinner the glass the better, and make 
the points where the paper rests” 

stick. Quite a good 
5 of § 





the b “nee ] aegiaea 
‘ou will find on stri 


i 


are the nodes, for the powder naturally 

iow move the supports nearer the centre of the bar and 
it again you will find that there are four nodes, 

g the bar into four equal parts. It is unnecessary 

‘enter into the technical explanation of nodes, or the 
nti-nodes as the points of greatest vibration are called, 

a t ut the subject is of great importance to acoustical engineers, 
Wwho have to make a voice on the stage reach every part of 
arge concert hall and frequently employ special absor- 

mts and reflectors to prevent the ingress of unwanted 


west of one wave will coincide with the trough of another, 
as im the case of the light waves that produce the dark 

s on the mica mirror. There are several ways in 
mich you can see this happening with sound. The 
plest is to take a strong piece of clock spring, straighten 
, and then twist it with a vice so that the broadest part 
f one half is at right angles to the broadest part of the 
jther. Next clamp one end very firmly in the vice and 

) attach a minute globule of mercury to the upper end with 


- 


ad Covel a th a li 
1 mn striking that all the powder 
heaps, making straight lines over the 


bs for the spots where there is no vibration. If you 


Lissajous’ FIGURES, 


known as Lissajous’ figures and later on you will see 
they bear a remarkable resemblance to the “h armonic 
figures produced by two pendulums swinging in oppos 
planes. 
Another way of observing Lissajous” figures)" Wi 
requires slightly more apparatus, is as follows. Surro 
a lamp with black cardboard in which there is a pin-hole 
this will give you a small ray of light (Fig. 47)- Bring 
to a focus by means of a convex lens supported on a stanc 


and at the focus place a tuning fork so that the light play: 


on a tiny fragment of mirror which you have Secure 

to the end of one arm. The light will be reflecte t an 
angle, and a few inches away you hould put. 
tuning fork, supported horizontally, so 
the arm throws the light on to a screen. 


*: . ss 
' the light and you are ready for actio Sta rt 
vibrating and you will see the figure t,. 


of it, on the screen. The exact for 


: 


depend, of course, on the relationship 








































ther omparable experiment is the Chladai ‘fa ; 
i, fine sand is sprinkled upon a flat plate which - 
d ly at the centre. When this plate is set into 
ation by stroking the edge with a violin bow, the _ 
arranges itself in figures which indicate the nodes 
d anti-nodes upon the plate. The movements of tuning . 
prongs are easily compared by attachin g a light stylus 
o leg” i and touching lightly on a piece of smoked 








Bidophone.—This is a scientific device which, with 
p of some light powder, will also give records of 
ves. You can make a simple eidophone out of 

| things that are not difficult to get. First of all you 
ue want a small tin saucepan, choosing one with a hollow 
Remove the cap of tin at the end of the handle 
a tin opener and then bore a hole at the point where 
‘handle j joins the saucepan. In this way you will have 
from the end of what was the handle to the inside 
the ‘pan. Now get a tin funnel to fit into the hollow 
handle. Cut a piece of thin rubber from an old balloon. 
"This must be large enough to rather more than go right 
ver the top of the saucepan. Stretch the rubber well 
4 t into position securely with thin string. You 

t some fine i rl and this you can get from 


























* rate, little of the oe | 
my OF so. ‘Sprinkle a thin layer of 

heet of rubber and then sing one cleat 
do. the fannel. You awill be 1 aa - 

















to see er the grains of po pak a arrange themselves 
pattern on the rubber sheet. Vary the note and you 
get a different pattern, and so you can Sgt 
great deal of amusement from th 
which are formed by the sound vibrations. 
Echoes.—Sound is reflected by the denser su 
Everyone is familiar with the “echo” produ 
you shout at some distance from a wall or cli an 
the rolling reflections of thunder from aks of 
ma course, the echo is there even when you 
close to a wall, but it cannot be heard because the org 
sound and echo strike the ear almost simultaneously. — 
“An interesting experi ent with echoes, which can be — 
verformed indoors, is the reflection of sound by a flame. 
The flame should be a gas “ fish-tail ” that is broad and 
thin. Place two cardboard tubas as long as you can’ get, © 
so that two ends, one of each tube, lie at right angles to’ x 
Separate them with a sheet of newspaper or 
Then place a watch at the “ free’’ end of one 
ur ear at the ‘ ' free ” end of the other. You ” 
































each other. 
S book. 


; 
se, and y 
















will not hear the watch tick ing, or, if you 5 Eve very sharp ~ 
ears, onl y very faintly. But if you now bring your fish- tail 
flame so that it forms an angle of forty -five degrees to the 


ends of the tubes close together, you will hear the watch | 
ticking quite distinctly, as the sound is reflected by th 
flame. 

The ‘ Sensitive Flame.”—Amusing experinars® can be: 
performed with a “ sensitive flame.”’ To make this, draw ~ 
out a piece of an tubing to a jet, about one-sixteenth of an. 
inch in diameter. If you connect up ‘with rubber tubing” 
‘ the gas, you will get a long thin flame. The flame d 
its best when the gas pressure is at its highest 
regular point. A football bladder in series 


helps to steady variations in the mains supply. 
If you sound a whistle near the flame, it wi 
The dipping in response. to 


spread out. 





ar $ ago arias ane ae! on this sensitive 


was in . When a noise was made, the flame 
| and fad. strip of two metals welded together. 
the metals, of course, expanded unequally, so that the 
strip bent and connected up a battery and bell circuit. 
"To-day a similar alarm could be better and more economic- 
ally constructed with a microp! hone. 
The reason why a sensitive flame dips 
»-a sound is that it is Stmtaged to be 
* roaring. "A little more pressure then 
ithe edge.’ ; 3 The sound waves tae th 
This princip! e has actually been u 
certain obscure noises in ma 
The “ Singing Flame.’’-~[f 
ex periments I descz ‘ib 
well worth while trying to make a flame 


1 


“made sure that there is no air in the 
hydrogen is coming, light the ey 
tube over the flame, it will emit a sins 
is believed to be the heating and g 
oduces a vibrating column. The note 
ny pipe is the same as that which would be emitted 
air were oscillated in the ordi inary way, as in the case 


“low Sound Travels —Sound travels not only in air and 
but ae i a and solids. _ Generally 


“Ddane the 
pick up the 





> 


ound ofa teak a » conusdacalte Suaste away j pein fa ty 
4 hydrophones became one of the best weapons against th 7 


= 
pe 


~ submarine. : 
The Toy ‘Telephone — Sound usually travels very well, 


in solids. If you lay a watch on the table and place a 
long thin iron bar against it, you will be able to hea 
watch pia very distinctly if you hold your ear 
_ the other end of the rod. Toy “ telephones ” de> 
- sound travelling along a thin wire or taut piece ii 


© This telephone is very simply made. Two small e 


ey hnders, about two inches in diameter and two 

deep, ar are covered at one end with a piece of | tase} '. 
which is retr — and pasted down to form a drums. 
In the centre of each drum a hole is pierced and the end of 
a cotton or wire asic Lis and held in place by tying it to 
small ece of match-stick. If the cotton or wire is now 

stret at? taut between the drums, one can be used as an 
earpiece and the other as a mouthpiece, and a conversation Baye 
carried on in’a whisper can be heard at a cor siderable 
distance. ee 

The power of solids to transmit sound can be made.” 

the basis of some amusing demonstrations. For instance, ~ 
you can place one end of the sound rod on a graraophone — 
or wireless set and the other end upon the strings of a 
violin. If px pest ble, have the violin in another room where 

the sound of the gr amophone cannot be heard. |] 

now put on a record of a violin playing, the violin 
reproduce the: notes, », rather hopin) but aa 


i 
5. 
“5! 


oa 
= 


and can be paarie on a 
the stage. is a set of instru 
no musicians are visible. ‘By t means ‘of 


me 


instruments are played, 


2 se rendering of the piece. If y 
ng Sy are ised, all kinds of weird effects can be notic 


The speed of sound through solid material is higher th 
in air. For this reason mins can sometimes be he 
“twice.” “-— 

Sound travels through the ae of the-head ; in fact 

‘we all hear to some degree through these bones. Thonhas 
Edison, who for many years before his death was deaf, 
could only hear a gramophone record through his teeth, 
If you have an old record and strong teeth, you can thy 
this for yourself. Hold the needle firmly in the groove, 
and although you will not hear a , sound through your ears 
and nobody else in the room will be aware that the machine 
is playing, you will hear the fe ord. It is for this reason 
that the placing of cotton-wool in the ears gives but little 
protection against noise, it is still transmitted through the 
bones of the head. Be careful not to swallow the needle. 

A very sensational “‘ silent orchestra’ can be made by 

* transmitting music inductively to coils of wire connected 
to headphones and carried by the listener. 

If you have ever had a loudspeaker working in a room 
in which there is a piano, you may have noticed that 
every now and then the piano gives out a faint note in 
“ sympathy.’ The sound waves travel across the room 
and vibrate those strings that are tuned to the same wave 
length, making them emit a note. Some men with very 
powerful and well-controlled voices are said to be able 
to crack a wine glass with a single note, while we all know 

at sound can cause’ “ concussion” and break a window 

The sound of a@ gun a mile away can make the 

ile, although the actual energy radiated from 

id is usually less than that from a burning 
gia in terms of heat. 

oor with a Whistlecs:The response of 


solid bodies to sound vibrallgl gan be Peis use o 
very striking experiment in which a door opens ‘in respon 
to a whistle. A little care is: oe oe nstructio 
but the broad "tae are as follows. I hay 
arranged similar apparatus to open an ordir 

it is safer at first to try a small door in 

house. 

First of all make sure that your door moves. 
on well-oiled hinges, as you will have no energy to § 
Now down the side of the door stretch a banjo ¢ 
between two strings, so that you can loosen or tig 
as required. A small fraction of an inch from the 
place a terminal, so that when the wire is plucked it stt 
the terminal. From this terminal a wire leads to a § 
electro-magnet like that used in electric door bells. » 
wire from one of the screws holding the banjo wire ! 
to a battery and then on to the other terminal of the 
electro-magnet. Thus you will see that your banjo wi 
is really a eit and when vibrated, closes the circuit: 
bringing the electro-magnet into action, 

Screw the electro-magnet inside the box or house, so 
that it is a fraction of an inch from the inner edge of the. 
door when open, and opposite fix a small iron “ contact." 
If you now sound a whistle, the string will vibrate. ie 1 
fails to respond, try tightening it until it sounds 
the same note as the whistle. The vib 
will close up the circuit and bring the: 
action so that the metal is attracted < 
If there does not seem to be sufficient por 
magnet, weight the bottom of the dook, a= 
pull will close it. x : 

“Sympathy ”? in Vibration —Two 
same pitch will show the same “ 
and whistle, If you set up two for 

ns a second, at tor aR 





apatie 2 peo draw on a piece of paper a 
Lorgamace second and another 


ythmic i increasing an ‘a 
un nd. There will also 

count the number of sil 

_Telative values of the 


Pah asing of the intensity py: 
- curious silences, and if 
ces, you will be able to tell the 
dean For instance, suppose — 


‘you count thirty-two silences in eight seconds, you will) 


3 a * esti there are 
ia a second. Thus fo 
other will be 504. 

If you have no tuning forks, you 

“experiment With two wine glasses filled with water. 
the amount of water in one of them until it 

~ note slightly higher than the ot! er | hen rubbed with a 
moistened finger. Now get a fri end to rub one glass 

; while you rub the other, and you will be able to hear the 
i the two waves. This matter may be:. 

nsiderable interest in life, and I rememb 
_ being acquitted of a serious crime 

astical expert was able to show that he 

zone of Silence and could not ben: 


is 500 per second, the 


sives out 2 


y piano all’ ine the oie 
Press down a high note and keep — 
yn. Then sound the octave 

e it quickly with the pedal. You will 
ee Aounding i in. yates e lh ee 


can perform this 


vos: 
Adjust 


er reading ‘ot? 5 


lower a ne %, 


a 


same fundamental ” note, 


the upper octave as an “ overtone” 
~ higher string sounds in sympathy. y. 
producing overtones, those appareritly — 
notes, by touching the string lightly with h 
half-way between the point at which it is s stopped d 
the bridge. 
The Tubaphone and the Xytophousieell pees of : 
or less musical in- 
struments are easily 
made at home. 
One of the simplest 
is the tubaphone, 
of which elaborate 
forms are frequent- 
ly played on the 
stage. For this you 
can use tubes of 
cardboard, which 
have to be cut to 
lengths growing 
shorter and 
shorter. The 
shorter the tube, of 
course, the higher 
the note, because the greater the number of vibrations a 
second. oes. 
-Presuming that you use cardboard tubing ok the 
diameter for each note, to obtain the octave you shou 
cut the lengths as follows (Fig. 48). The longest tubs 
‘should be 45 inches, the next 40, and then the notes in 
the ascending scale will be 36, 33%, 30, 27, 24 and ra 
you cannot find cardboard of this length, 
sain a length you like, “ long as you mi 


‘length. i you 


















fo - strik th 






better. These wooden instruments are called “ xyl 

~ phones,” and although they are mostly found on the sy ic 
hall stage, they occasionally appear in the Iecsical 
porchestra, . Eine 
_ The tubaphone and xylophone are “ percussion” in- 
imenfS, that is to say, as with the drum and cymbals 
e vibrations are started by the act of striking. In other 


is the w 









vhistle, 
















¢ of metal when blown 
p of instruments, the vibrations 
being used to give the horsehair 















-eoorl 
fa pane or bin plec 
nge 








i) paw a grip. 


instrument can be made from a cigar box (Fig. 49). With 
f fret- saw cut out two S-shaped figures in the lid, and then 
glue it down securely. All paper should be remov ed and 
me. wooden handle should be screwed firmly to the lid 
oneal oe only ‘a screw at the upper end of the 
sy oe” -. at the extreme end of the box, a simple 
_thin god, and you are ready. Twist the 
to seed screws, and tighten them over 
e able to produce notes by bowing 
Bee ae =a by pressing your finger firmly on the 
against the handle, obtain almost any note in the 




















“The “‘ Moaning Rod," 


S musical i is a ‘‘ moaning rod ” which, 
effect "” tof in theatricals, will give an excellent 
he ‘wind *hoaning in the chimn ey pots. 


» Aha ng the tubes is Pca 4 
21 handle iia cork. Wooden rods. may be — 


tead of cardboard tubes, and the har der the wood, the 


ee oscillations are created — 


Violin from a Cigar Box.—A very simple sivingedl 


—Another instrument which is 






























tight. With a thumb and first finger at 










Fic. 49. As 





Sak the mor and you are The. “instruetee is. 
played ” by whirling the ruler round and round on the 
end of the string. 3 
you look at someone whirlis 
you will notice that you 


read ly. 


a 





appear to see the ruler ly ying 
Actually, it is twis wae: round and round, and after a little 
you will find the string very twisted. The reason why it~ 
appears flat is, of cour rse, the persistence of vision. You = 
see a number of very rapi “* pict ures” of the flat ruler, 

e im mage for a sufficient length obi 


and your eye carries th 
time to make it appear con tinuous, ©... 5 
The Telephonic String.—Make a loop two feet ‘ 
one end of a piece of string (about six feet in length) at the 
other end a loop just large enough to et 3 
Get a member of the audience to cover | 
palms of his hands, place the large loop over sh 
hands, and draw the other end, which contains the pen 

























pencil gently turn it: ‘round. 
person holding the string | like “the sO t 

Other curious effects, such as thunder, ie firing 
guns, waves, etc., will be’ phased i if the b back of a 











Segavithind | is to seg @ spoon or Hes 
é of a couple of yards of string to the 


handle. ‘Twist the first finger of each hand in the ends 
the string, ancl are put your fingers in your ears. 
> of a table or 
will hear the sound apparently 
canine: Wi ith ge you wil . 
us note not unlike that of an orga 


a number 

not be 

eard by human 
although they 
nay have great effect 
i rvous 


A Model Maiabeter There are several methods of 

| recording echoes and of photogr raphing sound, but a 
€ apparatus can be made to draw the waves of the 

and those of many musical instruments. The 
-audiometer is very sim ple (Fig. 50). A 

om a powerful bulb, or an arc, on to a 
mirror platinized on to the surface of a celluloid 


E tte 


It is then reflected on to a travelling strip of | 


and a lens system is used to. or focussi 
provide for focussing. 

n the sounds stake the diaphr ragm from the horn, 

e mirror moves in eudcie with the changes of air 


curve is traced on the film, 
Ordinary mechanical ar- 
rangements are made for 
exposing different parts of 
the films as may be re- 
quired, and in the case of 

optical examination alone, 

a line of light instead of a spot is does: ona ‘tay of 
black paper on which wide vertical line 
Owing to the persistence of vision, this 

wave form to be seen before @ 

made. e 

Quite an effective mididel can i ‘tide e by p 

cardboard stand as shown in Fig. §1 and by cov 

hole with a thin celluloid diaphragm, To: mal 
diaphragm a solution of celluloid in amyl acetate. 

pared, or accumulator repairing cement can be used 

drop is allowed to fall on a bowl of water, when it v 
immediately spread out’and will often ‘show  iridesce 
colours due to the separation of the white light into 
component colours. A loop of wire is then slipped into” 
the water and lifted out carefully, carrying with it 
the diaphragm, which can then be pressed gently against @ 
tim of glue laid round the hole in the cardboard. stand. 
By suspending a drum (Fig. $2), upo 

ToP GF TIN necessary. 


BLACK STRIP AND 
wire i 


WATPIN 


Fic, 52. re “oom Avpromeren @) rim 





- Serious’ 
eh tages 
_everyda i. SED ae eypat : cet A ee 

es The Watch Dog.—A very interesting toy can be made 
He from a cardboard box at the back of which is fitted 
thin tin diaphragm. If an elastic band is fixed in- 

yside the box so that when a small wooden dog is — 

uushed into the case the band is stretched, “ Fido ” can be - 


fee made to jump out when the correct note is whistled. 
catch is attached to the rear of the dog or is stuck | 
‘fo the diaphragm by means of « As soon as the thin 
a... : . > 

Bet is vibrated by the sound, the catch or wax is released, 
Sand out comes the dog. 


by 
he 





EXPERIMENTS IN PHYSICS — 


INSTEIN may have taught us that gravity is a 
relationship rather than a force, but it will be many 

years befo ore the convenient phrase “ the force of 
gravity’ and “ centre of gravity”’ fall into disuse... We 
are dependent upon the centre of gravity almost every 
second of the day; indeed, we should have a very amusing” 
time if we suddenly lost our sense of its position in regard 
to our own bodies. Most people have tried the old trick 
of standing with the back of the heels against a wall and 
trying to touch the toes. The Sr falls over forwards 


position of the centre ‘ol gravity gs Natale: takes the 
easiest way out by “ pushing” him on to the floor, wher 
his centre of gravity will not be disturbed ! 


find no diff Fieulty,.| recause the aaa is kept rime iy 
the back out to balance the forward moeeneak = 


EXPERIMENTS WITH GRAVITY 


Many remarkable tricks can be performed with simpl 
apparatus to. show the eames of the centr of gr 
in a system of weights Some years. ago th 
used to be popular wukeuniies for after 
which explains why so many of them 
corks, and forks | 





oe 
qf 


more curious eae: is to 


the a ‘of the same cork and to place some heavy 


the juggler, 


; @ air, you may be able to rat al one egg on 


et 


abject on top. TI 4 pin can then be balanced on a coin 


Tying over the mouth of the bottle, and by giving the forks 
a gentle push, the whole apparatus can be made to spin - 


‘without upsetting. 
' Juggling and Balancing Feats.—The s 


i SC. cientific > use of 
the “ centre of gravity” 


is demonstrated to perfection by 


nimself to almost instantaneous and automatic adjustment, 
80 that he can perform irate : which seem quite uncanny. 
He does nothing unnatural, but rather observes per fectly 
the Sica is. The amateur can only hope to attain 


this efficiency by hours, days, and even years of practice, 
“ but there are several feats he can perform very easily 


_ If you cam secure a quiet room where there is not a breath 
top of 
another. You will need to sit down and be careful not 
to breath upon the eggs ; in fact, the experiment is hardly 
_ worth performing except to convince yourself that there 


is nothing in the world which cannot be balanced on some- 


thing else. It is easy to work out the point of balance 


theoretically, i it is not quite so simple to make the adjust- — 


ments in practice. But I believe that one man has succeeded 
in balancing al eggs. one on top of the other. for three 


‘minutes! 


Many popular i chaical toys depend for their action 
upon the correct use of gravity. There used to be one 
n which two puppets coupled by horizontal bars, re- 
presenting arms, swung each other down a flight of 
miniature steps. These toys are not easy to make, but 


‘gick a pin into , 


* 
< 


who by constant practice has accustomed — 


ee ring run up ; 
Making sti Ron Uphil Fra 


srnail piece of pit ie wax or some oo wet 

an uphill run for the ring by supporting 

at one end. Now place your ring in position at tt ne ‘bot 

with the weight on top and a trifle nearer to the top of 

hill than the point on w hich the ring rests. If you 

go the ring, it will appear to roll up the board. The weight 

pulls the i round, attempting to L.ing the centre 

gravity over the point of support, 
Even more striking is the double cone which rolls uphill. 

You may have a d foubts cone, used as a model for drawing, 

if not, make one by sticking two paper cones together 

their bases. Arrange an inclined plane by placing two 

broomsticks over two piles of books, one higher than the 

other, Lay the broomsticks so that they are not parallel 

but closer together at the lower, than at the upper, end. 
Vhen you put the cone on the lower portion of the sticks, 

it will appear to roll up towards the higher end. If this © 

does not happen immediately, move the sticks a Tite the 

further apart or nearer together. 

Actually, of course, the cone 

does not climb, but falls lower 


WAN 
Mi, 


Ht 
| Hi i 





move so that th r benits of g gravity is in the lowest. 


position. If you remember this, many balancing 
ne seine Here i is one * which when described 
yet is not really at 


ou need a gee one of the old-fashioned kind with a 

= hollow end, a couple of nails, a long piece of wood and a 
ny Ly P 

oo. weight. First attach the key to the wood, by 


g@ the nail, which must be bent, and tying its head — 


ightly round the bar of wood. Next drive the point of 
other nail just into the table top, the ki itchen table is 


est! and, finally, tie the weight to the other end of | 


the wood. With a little patience you will be able to make 

the handle of the key, supporting the wooden bar and 

weight, balance on the head of the nail. It sounds im- 
possible, but the weight tends to swing under the table, 

hat is, under the point of suspension, and you will find 
a balance when the centre of gravity is exactly beneath 
the point of suspension. 

To Balance a Cigar on the Tip of a Finger.—Fix the 
point of the blade of a penknife into the tip of a cigar a 
an angle which makes the handle of he knife act as a 
dalance, then place the tip of the cigar on the finger, and 
the cigar will stand perfectly ‘upright. 

F alancing Birds.—There is a popular toy in which a 
small wooden bird, usually a parrot, balances on the end 
© of the finger. In the case of the celluloid parrot, the tail 

s under the body and is filled with lead shot. Here 


n, the centre of gravity tapidly swings under the point — 


nd it is poemhie: to give the bird a hard 
bas ah 


; ~ purchase for a te 
pence, may be made to 
“perch ” - in the same 

way. quite simply. Cut 

_ about three or four inches, 


according to’ the size of 


the bird, from a coil of 
stiff iron wire. Fix one 
end firmly in the body of 
_the bird, behind its feet, 
and carrying it straight 


_down, turn the wire up ///// 
in a small hook. On this Hf} 


hook fix a weight, a ball 
of sealing wax is con- 
venient, as you can adjust 
the amount. This bird 
should now balance on 
your finger, the weight 
being exactly beneath the 
point of suspension, al- 
though you may have to 
adjust the wire a little 
to achieve this position. 


A simple candlestick, which is capectiil ‘ae 


Fre. 54. A SPEMINGLY 
“ IMPOSSIBLE ” TRICK. 


Christmas trees, can be constructed on the same prin 
The difficulty with candles on Christmas trees is 
to prevent them tipping over and burning uneve 


¥ 


horizontal “ “3,” you cone 
the candle and hang the get 
‘However much a draught may 
Sige sei the candle will 
‘The ‘Man and th Say 


> your wire with a 1 small weight as befo 








table (Fig. 55). Let me 
assure you that if you make 
this simple puppet, there 
will be no need to damage 
your best polished dining 
table! The man can be 
made out of cork—a cham- 
pagne cork will give the 
effect of a body and chest. 
His head may be moulded 
out of putty or sealing wax 
and attached by using a 
match stick for a “ neck,’ 
Two matches with the heads 

\ burned off make the legs 
and two other matches, the 
arms, which stick straight 
out in front. Now you have 
a puppet that resembles a 
FiG. 55. Tue man axp THE saw. human being slightly, but 
the more grotesque he is 


the better. 
The saw is made by bending a piece of wire twice at 
right angles and attaching to the middle portion one of 
those pieces of serrated metal used in making cardboard 
boxes. Now push one of the long handles into the body of 
_ the puppet, level with his arms, and the other into a weight ; 

a small apple will do. Place the puppet on the edge of the 
table so that the saw carries the weight underneath him, 
‘and you will be able to set the figure rocking on its match- 
_ Stick legs, so that it appears to be sawing through the 
‘table. An amusing variation is to insert the saw in the 

s back and then invite your audience to look at 

from the other end of the table. As he swings pre- 























‘. Balancing a cigar on 
the tip of the foot 
{See page 142.) 


2, Breaking a broomstick See page 142.) 


3. The inverted tum- 
bler. (See page 159.) 


















body, act 
sitions. As long a the centre of Seistés 
meebo, the body cannot fall. That is why the 
» famous leaning towers of the world are, theoretically at 
» any. 4 perfectly safe. The centre of gravity falls within 
Yethe ba 








© to show the equal subdivision of weight. Two persons 


put their index fingers under the insteps of the person! 





ie who is to he lifted, two others place finger under each 
a elbow, and a fifth puts his forefi ager under the chin of the 
subject. At a given signal e person lifts his hand, 
| and the person is raised up. The result may seem very 
+ surprising, but it is only a questi: ‘ the equal subc liv ision 
> of the pull ‘of gravity. The average ighs 
b “about eleven stone, so that each fi 
© about thirty poses weight, which is not 
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EXPERIMENTS WITH PENDULUMS 








gravity, Swhthout which we should not have wrist watches 
and grandfather clocks). is the pendulum. When the 
bob of the pendulum reaches its highest point, the force 
_ of gravity pulls. 4t down and swings it up to the other side. 

Gradually, of course, the She $ ‘get shorter and shorter, 
but as long as the length of the pendulun . is unaltered, the 
- beat: v vill always take Sty. the same time, regardless 
: pot ‘whether the bob barely moves, or swings almost 
is ‘thi is “ age Co makes the bet secre: 











(pon Lata af measurement were 
the pendulum was our most reliable 


Paton. - For instance, i 
$ 3 62 feet in length to have a beat ks one second, 


To ‘Lift a Man with Five Siete: ~One final experiment. 








to Sercake the patterns pro uc by ‘cont tec 
pendulums with the patterns obtained from the 
af two KY forks of different pitch, =e sau 






One of the most useful applications of the force of 


- two ends of the string and set it swinging. It will mal 










London a 





parts of the -~world, the length would be 
s than this figure. hye Pag 
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Puc. $6, THE CANDLE SEE-SAW. 


of apparatus for demonstrating the harmonic motion 
two pendulums consists of a conical bag filled wath sz 
or flour which can trickle very slowly out of th 
(Fig. 57). 

The bag is tied to a length of string, hich half-way 
up is divided into two. Now suspend the bag by the! 










x simple straight line up and. down, the flour or $2 
tracing the course on the floor. But if ‘ou give the p 
dulum @ double swing, so that the do ‘ings sw 















one way and the single string in a direction g 


you will find ae, the ‘is marking. ut 
cea : eat : 


fire two pendulums. T! 
metal, you cannot obtain two ready 2 
construct them quite easily out of curtain rods, simply 
ing a weight to one end and boring a hole at the othe 
to allow of suspension. The weights on the ends should, 
if possible; be movable, so that the length of the pendulum 
“can be altered as required. 5. ‘ 


Now make a wooden holder for the pendulums so that § 


swing at right angles to each other. On to one 


endulum fix an arm, the long end of which holds a pen" 


mib and the other end of which balances it with a weight. 


On the top of the other pendulum, you should fix a small 
ie piece of light wood, forming a flat table on to which © 


Ou can pin a piece of drawing paper to receive the 5 


pattern. = 
me If you start the pendulums rc cking and bring the nib 
P down so that it just touches the paper, you will soon find 
E that a most elaborate pattern is being traced and at the 
end of a quarter of an hour, you wil! Rave a remarkable 
design. If you experiment with your pendulums, you 


will discover several interesting facts. For instance, if, 


© you have the pendulums of exactly the same length and 

them moving at exactly the same moment, your 

en will trace only a simple circle. By altering the lengths 

and the relative times of starting or “phase,” you will 

have the opportunity of making an endless series of different 
esigns. se 

e A, better plan ‘than using a simple nib dipped in ink, 

is to employ an old fountain pen, while if you wish for a 

striking result, you can use one of the invisible inks which 

hall describe, so that your pattern does mot appear at 

until it is developed. Yet another alternative is to 

place of paper, a piece of smoked 


a 
"4 


ass. The pattern will then as @ nun 
ne white lines that can be printed photographi 
_ This apparatus is sometimes called a “ harmonograph. 
_ Goold’s Dancing Pendulums.—Some time ago. an 
‘menter named Goold made a very interesting 
apparatus with two pendulums, ~ he Sp 
and*this is worth copying ny 


produced. In their simplest 
form, Goold’s pendulums re- 
quire a wooden lath of fairly 
springy wood and about two 
feet in length. Support the 
lath on the backs of two chairs 
and about two feet off the 
ground. Into the lath, at 
equal distances from the ends 
and from each other, screw 
two small hooks, and attach 
two little spiral springs. Finally 
on to the springs fix about a 
foot of thin chain, at the ends 
of which are supported two 
weights. 

Now you can demonstrate 
how matter, as well as mind, 
can communicate ! If you start 
one pendulum vibrating by 
giving it a pull so that it dances 
up and down, and watch — ea ne 
carefully, you will see the other pendulum gradually - 
in the dance. As soon as the se nd pend 
into action, the first comes to rest, 
the first pendulum will again i¢ 
second will ‘stop. This will comti 
each pendulum doing a. : 


Fic. 97. HARMonic sor 
_ Two PENDULUMS. 
Tae Ss ms 






























eae tip. If you swing one pendulum, the other will imitate 
it. Now if you lower the wooden rod, so that it is only 
» one-quarter the way up the string, instead of half-way 
, you will find that the change comes about much more 
quickly ; indeed, you can bring the rod almost down to 
the weights so that they swing only once each. 














Foucault's Pendulum.—Finally, here is an amusing 
after-dinner trick with a pendulum. Construct your 





pendulum with three forks with thei: stuck into 
& cork so that they form a tripod. Balance this tripod 
‘ona large plate and suspend a small pend from the 
top. A good pendulum can be made of a y through 
which a match stick has b assed. The string is 
i attached tor.one end of the stick, while the other projects 
) slightly beyond the cherry. 
Set the pendulum swinging and at each end of the swing 
nake a small pile of salt so that the end of the match just 
‘cuts it, leaving a mark in it. As long as you do not touch 
“the plate, the pendulum will swing over the same marks ° 
‘over and over again. Butif you now move the plate slowly 
ound without touching the pendulum, you will find that 
the pendulum continues to swing in the same plane so 
at it makes new marks in the salt. This experiment 
© was first performed by Foucault eighty years ago, hence 
the pendulum is called a ‘‘ Foucault pendulum.” ‘The 
bs iment demonstrates that the earth revolves round 
ts polar axis, as you will see if you think for a minute 
sage Mae eye a se cae ohh 
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To overcome inertia a force greater than that of the inert 





‘ £ . ‘ ‘ 

All bodies have what we call inertia—a 
to motion. If you push a heavy object, such as 
stone, you know that it takes more effort to star 
to keep it moving. That is why cart horses have to strai 
and tug when starting with a heavy load, and why a railv y 
carriage which can be kept moving by one man fairly” 
easily on the level, takes a considerable push to start it 
If it were not for inertia, life would be very complicated. 
If inertia did not exist and you brushed against the chest 
of drawers, it would shoot to the opposite side of the room 
and if you pushed a man, he might go back five yards! 
On the other hand, road accidents would not, perhaps, 
be so serious, for in a collision between a car and a walker 
the unfortunate pedestrian would be shot twenty yards, 
or more, down the road! * 

One of Newton's Jaws tells us that the resistance of a” 
body is always equal to the force applied, so that when 
you place a book on the table, the table pushes the book : 
‘with the same force that the book pushes the table. In 
other words, the book remains inert. 

When two forces act on a body at the same time, the ~ 
body takes a direction known as a “ resultant.” This 
law explains the movement of the planets and the st 
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body is required and this force sometimes has to be surpris- 
ingly strong. This suggests 2 number of experiments 
‘which may literally be called “ very striking... 9; get a 
You know that if you place a number of pennies in a 
row on the table, so that they are touching each other, 
and push the penny at one end, the force is communicated 
through the row, so that the penny at the other vend is 
also pushed along the table. _ The force is. cpmmunicays 
from penny to penny, but it takes an apprgclable time 
act, You can prove this ona bigger scale by a remar 


4 








PEE ck < tof the pane ring, put a sixpen 
1-—Place two chile - the mouth of the bottle. ‘Hold a ru! t 
iis tere ae the middle of the ring and Pip bee 
roomsti scart 0 era hai : sy Ps, blow horizontally so that it is knocked 
? Sr eee. Dak: Cae glasses 9 Bis will drop straight down into the bottle 

ca) F water. and into the ends of the bro somstick pr ish a needle as a ring ! Your erie was so quick ot Be r 
nly, so that you can lift the broomstick by the needies. ae a8 comm ated as th , Pay 
inally, balance the needles on the glasses so that the . i oe 


nstick is supported. Now you are ready to begin. 
Taking up a position in the centre of the broomstick, 
igive it a good strong blow with a poker. The broomstick J 


i - down to ee it depends on the moment of inertia, - 
will #mash into two or more pieces, but not a drop cf 


are two variations of this trick, Tear a long strip 6f 


water will be spilt! You must strike the broomstick 4 A BS and hang it over the edge of the table. Stand a 
Doldty and really hard. If you are half hcarted and have jy 9 crown up on its rim over the end of the paper. Give” 

tno confidence in the trick, the force will have time to. “y , paper a sudden blow with a ruler, and it will flutter to 
mreach the needles and the glasses before the brcomstich 79 ground, leaving the coin standing on its edge. Alternativ 1 
breaks, and you will probably see: two good tumblers © balance a post tcard on your finger and on top place a penny.” 


sand make a mess on the carpet! This is a modern and ay P Now, with your other hand, flip the card away suddenly. 
safe version of an old swordsman’s trick. You can often r, The penny will remain balanced on your finger. 
cut a pencil in half with a piece of stiff folded paper if 2y Here are a few other tricks based on inertia, one | 
the blow is sufficiently quick. ee <) e which is, I think, new, and the others of which are al . 
» A simpler way of illustiating the same effect is to take 9 striking to watch. Place a pile of half-crowns on | 
la heavy. piece of wood and tie pieces of wool or thread to Sah table, and taking careful aim with the ruler, gi 
7 both a Suspend the wood by one of the thr eads and | middle coin a hard blow with the edge. It will a 
fe. then give the other a sharp tug. It will break und erneath ' from the pile without upsetting the others. Bled on 
F the wood. In spite of the weight on the upper ‘thieeelk ies l practice, and a simpler form is to use eo oss 
the lower one breaks first because of the inertia of the if you have a good eye, ee 
» wood. If you give a steady } pull instead of a sha rp one, — , ‘ good, clean, blow. ‘ aS: 
© it will break above the wood, becawse of the additi ‘onal Bie: The ‘next problem is to * the 
weight, which is given time to come into action. >) tumbler. Invert the ae over. 
The Sixpence and the Ring——A Jarge number on 7S) ____ support the rim on two hal 
Parlour Tricks” are based on the “ phenomenon” of Saumte has just room cs oe 
Gnertia. For instance, if you have the paper zing which — Sat  gixpence out out touching A 
rolled uphill (page 141), it can be used for a good trick. — easy once you know the 's fe 
Place it upright over the reouth of a wide-necked bottle — wi cloth with your first hioth an eee & 
x jar; a bottle makes the trick more striking. ops itself a the Pe: tot e sixpes 
a Pohte ex Ae gis pois x ~ - . 
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-an inch long, lying close to the underside and 
towards the rim, it can be placed on a tablecloth 
ind an audience challenged to move the cloth without 
"touching the plate. A smart jerk to the cloth leaves the 
Epiate safely in position ; but not if the point of the needle 
Hfaces away from the experimenter ! « 
) The Stone Breaker.—By great acquired force, or inertia 
mM repose, one is enabled to break stones with the fist. 
fis feat is verformed by men at fairs in the following 
, in | aed 

‘ed The right nand is carefully wrapped in a bandage, and 
Ain the left is held a piece of flint of rounded form, which 
the operator places on a larger stone, or upon an anvil; 
then with the right hand he strikes the flint some very 
a wertul blows, always taking care to raise the stone 
secretly a little from the anvil when about to strike. Thus 
Fhe object struck acquires the force of the fist that has 
mick it, and as it comes in violent contact with the anvil 
is quickly broken. Simple as the feat is, it neve1 fails 
‘to evoke great astonishment. ae) os 







































‘0 Uncork * Bottle Without a Corkscrew.—Here is i 
nother trick that relies upon the principle of inertia for 
is effectiveness. Fold a dinner napkin into a pad, hold aa 
it flat against the wall, and strike the bottom of a bottle 


of wine, beer, or any other liquid, violently against it. 
B tue of the principle of inertia, the liquid in the 
‘will force out the cork. If the contents are beer 
seous water, the cork will come out with considerable 
e and some of the liquid will shoot over the operator, 
: the success of the experiment—from the 

AGS Vitws Bes 
mey Rolling on an Umbrella.—This 1s 
y nearly all jugglers, An umbrella, — 






















usually a Japanese one, is opened, and half-crowns, t 
or similar articles are made to citcle round the top. 
umbrella is turned rapidly round in the opposite directi 
to that in which the articlé is set going, and the coins, et 
appear to be running along the surface; in reality it: 
the umbrella that is moving beneath the articles, T 
is another example of the principle of inertia. 
































CENTRIFUGAL FORCE — 






Another interesting effect is that -of 1 for ¢ 
which is extremely important to engit If L 
a bucket half-full of water and whirl it rapidly round y 
the water will not spill, even when the bucket is up 
down. This is because the centrifugal force tends ¢ 
keep the water pressed against the bucket. In the same 
manner, you can spin a large ring or hoop round a sticky 
which is held vertically. In the ordinary way, if the» 
stick were still, the hoop would fall immediately. A> 
loop of string spun round on the end of a stick will remain 
in a tight circle. 

Here is a~somewhat similar experiment. Procure a] 
lass, a piece of string, a third of a tumbler of water, and 
hird of a tumbler of oil. ‘Tie a piece of thin string round) 

ical tumbler, so that a long end is left at each side ; 
ring these over the top, and tie about a foot above the glass 
making a handle: fill about one-third of the tumbler — 
h water, and it can then be swung to and fro, or over 
the water will remain as steady as if it were 
ice. ‘T until 
the tumbler is about two-thirds full. Swing th pk 
again, the oil will remain tranquil, and the water underneath 
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and over; 
Then gently pour some oil upon the wat 


will be violently agitated. ‘ gle ‘ 
In engineering, this force is used to separate t 

and ores, the larger pieces naturally going to the ow 

of the whirling board, In the near future we shall probably 


vung away cel the . 


t's head to ; feet, and this probably explains why 
-speed pilots sometimes experience a “ black out.” 


is force may prevent man-piloted machines ever turning — 


CO mers at more than 500 m.p.h. It was estimated that 
wing the recent automobile record- breaking run at 
Daytona, the centrifugal force exerted on the rim of the 
lye tyres was equal to over four tons! T hat is one reason 
shy tyres sometimes spin off during a high-speed motor 
ar race. 
The Spee imsor gta e eeny experin ne nt to show the 
y life i spin 
3 h egg on the e. The ha 
= egg will pi much longer than the fresh one, but 
you suddenly stop them for a second with your hand, 
you will find that the fresh egg will move round when 
you have taken your hand away, wi hile the hard-boiled 
@gg will not. The reason is, of course, that the fluid 
inside the fresh egg spins round with the shell, and when 
‘the shell is stopped, the fluid continues to spin; hereas 
th the cooked egg, the centre is not free to bi moved 
by centrifugal force. 
’ An alternate way of showing this is to slip an india- 
tubber band round the eggs and hang them up. If you 
"now give them a sp pin, you will find that the fresh egg 
- responds very sluggishly, while the hard egg twirls and 
“untwirls several times. The fluid in the fresh egg acts 
‘As a break, because a certain amount of force is required 
; “to pull it round inside the shell. ‘ 
Tf you have a weight on the end of a string and d twirl 
you will notice that the faster you twirl, the 


the weight rises, until when you are moving very. 


the string becomes almost parailel with the ground. 
is is, oF poUrse, | i result of os: force, and finds — 


blr eacent! of ordinary changes i 
To Keep a Penny ‘Revolving. 
this experiment the la apshade : 


tables. It should be held bottom fin bs h 
hand clenching the hole at the top. Now, with the 
ri hand, twirl a coin on its edge into the shade, and at the” 
same moment cause the shade to rotate in the right hand ~ 
in the opposite direction, The coin will roll round and 
round on its edge without falling. 
If the movement of the shade is avaiioalle slackened 1, 


the coin will by degrees rotate towards the lower ‘part 
the lamp shade ; if the speed is augmented, the coi 

by degrees ascend the cone, The movement of t 

will continue just as lony as the twirling motion 9 
shade is kept up. The coin is maintained by the ac tion 
of centrifugal force, and moves in an mee si 
similar to that of a rider on a cycle track. 

two pieces of money can be rolled in the lamp sta 
the same time. 

The experiment we have deacibadl is very easy to perf orn 
only a slight movement of the hand is needed. -Althoug 
some dexterity is needed in launching the penny into 
lamp shade at first, no particular skill on hes eS. of the 
performer is re quired. & 

If a lamp shade is not available, a basin, a 
‘bowl may be used, but. the pe a 


and most handy, ; 


To Spin an Ege as sone sR 


ae 





has te but we po ‘mote it because we are 
accustomed to its load. The constant exertion of this 
weight on everything i is called atriospheric pressure. At 
sea level it is about fifteen pounds to the square e inch, a 
considerable weight to carry about always upon our 
shoulders! If this pressure w ere suddenly removed, 
however, we should die, not only from lack of oxygen, 
but also from want of weight 2n our bodies which are 
uilt to work normally at the pressures between sea level 
and 10,000 feet. Above that height, as mountain climbers 
and airmen know, the lessened pressure produces many 
eculiar effects. 
There are Tany ways in which you can examine the 
sure of the air for yourself. One of the best is to 
se a piece of board about three feet Fy and a foot wide 
and balance it on the edge of a table. A slight blow with 
the fist will knock it over. But take a couple of sheets 
of newspaper and lay them flat over the part of the board 
which is on the table and then try to knock the board over 
ith your fist. You will be unable to do so, because the — 
essure of the air on the newspaper is so great that it 
nees. the force of your b 


t of the air supports sic ey 
their weight. It supports 
very simple parachute 


pect! piece a cloth cut in a cirele may be used. 


the stone to the circumference with half a dozen or mn 


ieces of string of miss length. Then roll the parachute 


into a neat and tight ball, with the string w 


stone, and throw as high as you cam, 
to fall, the stone will come down, 1 
and the weight of the air “ pressing 1 upwards Os 


; the load drift slowly to earth. 


‘The Inverted Tumblerful of Water —Anothe 


_ showing the upward pressure of air is ‘to take a 


and fill it to the brim with water. Place a sheet 


_ paper across the mouth and hold it im position with” 


left hand. Now, with your right hand grip the 

and suddenly invert it. Take your left hand away 
the pa aper, and the water will remain in the tumbler. 
upward pressure of the air on the paper is sufficient tog 
overcome the f srce of gravity which acts on the wate 
downward If there were much air in the tumbler with — 
the water, ‘the exp erim ent would fail. : 

A variation of this experiment is to use a bandkerchief 
to cover the mouth of the tumbler, which this. time is» 
only three-quarters bye While the tumbler is mouth” 
upwards, press the .dkerchief in so that the peak ju 
touches the top of the water. Take the corners of the 
handkerchief firmly in the hand that is holding the tumbler, 
and invert it. Now carefully tighten the handkerchief: 
until it is stretched taut across the mouth of tl 2e tumbler. 
As you watch you will see the water. begin to “ boil,” ai 
bubbles will rise rapidly to the surface. Actually, 
course, this water is: not boiling; the air bubbles hav 
been forced up by the up ri Gs 

Lifting a Bottle with a. 
ment showing how the 
counteract the force of 
fire for a few minutes, 
place & roles over Eee 





Light a piece of wax 
the tumbler on the table, ‘cover 
of rather thick Paper saturated 


it containing 
ecco but while burning it has djlated the 
tained in the lower tumbler, and this air has therefore 
me rarefied. The exterior pressure of the atmosphere 
the tumblers as closely together as the classical 


are united. It is possible to raise 
t tumbler by lifting the upper one. The 


: mn eee 











A WATER BAROMETER A BOTTLE CANNON.—I 
FORMED FROM AN OII SGML R TIPS ar 
FLASK AND A JAR Sekditx, powder ave put iokt ‘aed 


The water rises or falis in the neck of the pepe? container atiached 10 the Cote 
bottle according to the air pressure See 


page 165.) 








A BOTTLE CANNON.—II. 


me of thi Salt i i Pe tae 
a bottle of water, The other pes pT ne goose capt is dissolved in a mig of 


In this experiment o: 


cork, see above. The effer- 


vescence blows this out with a loud report. (Sce page 200.) 


of 





be 
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_ We always speak of a vacuum as if it “ sucked in,” but” 
in reality things are pushed into the vacuum, It is the 
pressure of the outside air that is the acting force and: se 
not the vacuum. The suction of a vacuum is just a con- 
venient way of speaking. If you had a bottle containing 
small pieces of paper and another “ containing’ a vacuum, 
the pieces of paper would be driven into the empty bottle 
when the mouths of the two bottles were placed together. 
But if the pieces of paper were first placed im a vacuum) 99 
they would remain in position, because the atmospherics 
pressure would be unable to act. 

\ Coin Held to the Wall by Air Pressuge.—Most people 
have tried the trick of making a penny or half-a-crown 
stick to. the wall by air pressure. You clean the coin, 

against the wall or door and then, after rubbing 
it firmly up and down for a few seconds, you find ‘that 
it sticks. By the rubbing process you have excluded the 
film of air between the coin and the wood, and the pressure 
f the air keeps it pressed against the wall. If you did 


ol } 





not exclude the air, the pressure from the outside would 


be equal to the pressure inside, and the force of gravity 
would make the coin fall. The same trick with a pencil 
is usually successful, but its success is due to the heat 
of friction melting some of the varnish on the pencil itself. 

Lifting a Heavy Weight by a Vacuum.—One of the 
most interesting experiments that can be performed with 
a partial vacuum is to cause a heavy weight to be suspended. 
For this you need a piece of wide glass tubing about a 
foot long. Fit it with two corks, and through each cork 
pass 2 hairpin so that it obtains a good grip of the cork, 
a small piece of match stick under the hoop will prevent 
the wire from cutting into the cork. To'the hairpins. tie 
pieces of string and insert the corks in the tube so that 
a piece of string comes out ot each end. To one strir 
tie a weight and take the other string in your hand. W 
you attempt to lift the weight off the ground, the 


PSR. L 


e apie 
“weight, the vacuum beco 
the apparatus. 


Water Suspended by a Thread.—Here is 


ewhat similar experiment. Fix one end of a piece 

read with sealing wax or stic! king plaster to the centre 

back of a playing card, v vith must not be penetrated. 

Hold the card tightly, and quite flat on the top of a tumbler 

‘to the brim with water, and exclude all air. The 

: F gas can then ‘be suspended by the thread and swung 

pendulum fashion, without the risk of fallin z. : 

a Atmospheric pressure is more important in every day 

life than we imagine. It is by this pressure that the vacuum 

takes of our tubes and trains a are W orked. Air is pumped 

lut of a chamber and the tremendous force of the atmosphere 

18 made to act against the brake, beshin, r it on to the wheel. 

tis difficult to realize that this force is so > great that it is 

‘ More powerful than any m echanical he er brake and can 

draw up an express train 1 weighing | 
minute. 

_ Compressed Air.—The ‘Opposi ite of a vacuum is, of course, 

compressed air, which is air at a pressure of more than 

one atmosphere; air which was “compressed” on the 

p of a high mountain might, if brought down to sea level, 

rtial vacuum, In the case of both the vacuum 

ssed air, the force of the atmosphere is at work 

estore the balance, although the natural elasticity 


yundreds of tons in a 


‘dan = el in the case of the compression. The — 


the modern torpedo are both worked by 


of air, although efficiency is incre. ‘n_ 


heating the air "to peer 


air 


the 


cop ont of it another empty egg cup. 
blow hard pat suddenly, between the ege and th 
and the egg will jump out, With practice it is 
ssible to make it alight in the other cup 5 but this, I 
- must confess, does not always succeed! 


a A variation which is less expensive is to bhics a three- 


penny bit on the table and hold your open hand two or 


- three inches behind it. Aiming a little in front of the - 


coin, blow sharply, and the threepenny bit will suddenly 
jump up into your waiting hand. The air is compressed 
by your blowing, and flows underneath the coin, my 
it up. 
A smal} squirt for water can pe pea quite sich 
Half fill a narrow-mouthed bottle with water, and then; 
placing it to your lips, blow into it hard. Before you take 
your mouth away, clap the ball of your thumb over the © % 
opening. Gradually work your thumb up so that a small 
hole is. made, and the water will squirt out. The air, 
trying to restore the equilibrium of pressure, forces the 
water out. With practice the water can be squirted to. 
_a considerable distance. 
_ “Suckers.”—Some years ago “ suckers ” used to be | 
very popular toys. They consist of a small piece of soft, 
moist tbc through the middle of which is passed the 
end of a string, which is then knotted, The sucker thus 
i made, if pressed firmly against a piece of wood or flat 
‘stone and lifted by the string, will raise quite heavy — 
objects. Fhe squeezing process excludes the air from 
underneath the leather, and when the middle is lifted, the . 
vacuum makes the object cling to the leather. Ti 
ds of pickle and other preserve bottles are fixed in much 
Sgt nay? the vacuum: in this case being” made tee 
ivi out the air with steam. When the bottle 


steam condenses and eae a vacuum. The bids 





you can pro 
globe with a sto 
ream the air 


2 air. The arm with the globe \ will immediately fall, 
showing that the air has weight. If you add to the other 
“side to restore the balance and then “estimate the volume 
of air by filling the globe with water from a measuring 
glass, you will be able to find the exact weight. This 
» will depend, of course, on the temperature of the room 
= the atmospheric presrure. T. he high er the naar otal 


~ ABot Air or Fire Ball on. —The fi first Flies were worked 

a. by “hot air,’ seach co a not incinaiterable lifting power. 
y Being : lighter than air at ordinary temperatures “it rises, 

( and can take with ge a: reasor able extra weight. 

© feather dropped above the flame of a candle, for instance, 

: will rise. If you live in the country, you can make a hot- | 
th but i in a large town, it might 


i 5 fire balloon,”’ 
be angerous. © Make your balloon of t paper, cutting 
when pasted 


a umber Jeaf- shaped nots which 

together fi a balloon rather long and open at the bottom. 
Round the base run a a piece of light wire with a cross piece. 
On the eross” piece fix a small wad of cotton wool, and 
en “you” are in some open space, pour methylated 
f the wool and set light to it. The hot air will | 
~ the balloon and presently it will float up into 
“If it is a good balloon, it will disappear out of 
t into the clouds, to be destroyed by a rainstorm or, 
a ee miles away. _ These balloons can be made 

x in wep ge ¥ 


you 
sy on one arm of a pair of scuie anda 
from. the stopcock with a pump. Then 


A small } 


e ‘e 


it yor 1 need a long tube as 

thirty-five feet high! Mercury is fa 
A barometer 1s very simply made. Fi a tube, ‘about 
thirty-two inches long, with mercury and. then, holding — 
the mouth under a basin of the same liquid, invert ee 
tube so that the mouth is at the bottom. The me 

will fall slightly in the tu tbe unti | equilibrium is established, 
but the weight of thé will prevent all the mercury from 
running out of the The amount t hat remaias | shows 
the weight or pressure of the air. 

If you were to mark the position of the n mere ury in the @ 
tube and watched it from day to day, you would see it 7) 
rise and fall as the atmospheric P ressure changed. Moi 
air weighs less than dry air, hence the mercury falls wh en > 
rain is about. It is worth mentioning that the space abovelll 
the mercury is known as the Torricellian vacuum, Ser: is 
almost a perfect vacuum, containing only minute traces § 
of mercury vapour. Pumps, en ‘ing bells, and many other ™% 
devices in every-day use depend for their action on the 
weight of air. That is why an ordinary pump will not) 
draw water to a height greater than thirty-one or thirty-two 
feet. Pear 

An Oil ana Water Barometer.—One of the sim 
weather tellers is in the form of a water barome’ = 
a glass j jam jar and about half fill this with Lage : 


a a be 3 abou if 


j in the jar, invert an oil flask from whi rich-the ru rus 


i been removed. You will “soe that the viata rises 
a ' 


the pressure is blot det sta ate a Sr 
Woas the ate mt g 


ren te 





er figure with lead 
so. ary lo siaced in water, the top of the eon : 


just reaches the surface. Place the figure in a jar full of 
ater and then close the mouth with a piec e of rubber 

Sheet, a piece of a toy balloon or inner tube will 

Tie the rubber down firmly. Now 

top, the figure will dive to the bitthon m 
ntil the pressure is released. Why is this ? 
Pressure is normal, the amount of water disp 

that the figure j just stays afloat ; but when the px 
mereased, the water is forced into the small hole through 
hich - you put the s shot and the water rises in the figure, 
ausing it to sink. 

By piece of hollov ved can 
nedicine dr opper in a ic 


ill fhe b ottle with 


A SeTve, 


pressure is decreased, "the dropp 

, and you can make it rise 
bottle with your f 

ass would bend in and 

ly to aiter 

Sfta a cork, thr: ‘ 

at aight anoles nalsses nother empty bottle 

h-a cork, By p icing the empty bottle you 

‘make your m medicine dropper dive, provided the 


mel. The air pressure will pass over into the aA 


ing water, <a] .~ 
act that the walls of a glass bottle will bend can 
n in another way,/ Fill the bottle with water and 
ef Pe which } “aha a a tube. Now 


The capri i ag if y you. use 
you can more easil¥ see the water in the 
A Miniature Fountain—A miniature fountile. in a 


gee fruit jar, is made by pushing x the tube in th 


ap 
described above down to the osoek of the bottle, and 
filling the bottle only three-quarters full of colo water. 
Seal the cork in with wax to make sure that it is perfectly ‘2 
air-tight. Then place the bottle on a greased plate 


. piece of wet blotting paper and invert over it the fruit 


jar, which has been previously heated over a s ' The? 


trough for pa or Brace can Pie pats made yo 


- remember the bandineter: puncamey F i a bebe with | 


from the tro ugh is eked by the anir as or : bie more 

water will automatically fall from the bottle, ensuring 

continuous clean supply as needed. : : 
The ‘Walnut Diver—With a little” patience” a 


can be turned into a divert. Split a good ee 


and remove the kernel and waste. Stick the 
together again with sealing wax, making the pit. 
tight, except for a small hole in one end. Tie two thr 


to the sealing wax and attach to them a small head or 


object. Now place the whole in. a jar of water | 


the rubber over ‘the mouth as before. The walnut 


sink and rise and can be made to spin round and da 


_ by a series of rapid pushes on ‘the rubber. 


Wind -Resistance-—One_ of the r most imp 


i . os ae “day i lathe x Beda: pressure " caused | by 


as 





air by a proje 


- Jecting = 
“eg ‘of designers of rapidly. 
li kinds, cars, some es and aero- 


- wind resistance. By holding a candle 
u, with a sheet of stiff paper 
? how the vacuum created by a 

a moving object sucks it back. If you blow, tl 

flame is not put out, but it bends over tow 

and the Hivectiokiof the draught. ° 
» past the edges of the 
u “bend s the flame back. 
The opposite effect 
a funnel. 


rapidly 
ay 4 
2 paper creates artial vacuur 


can be obtained by mowing through 
A good deal of amusement d by a 


/ ae which each persor ) in turn is given a funnel 
Poe and is told to blow out a li j 
© they blow down the small 


Ho wever hard 
1g ony } of 
‘the funnel wi ill disper 

; - wil remain unaffected. 

. ~To Blow a Cork in > is an ex Rperiiietit 

4 which the reverse ens; the ai irrent is con- 

_centrated a and is therefore ; y 
on its side uj 
a piece of cork 
bottle. This cannot be a 
bottle in the ordinary way, but if a straw or clay 
is used and the air blown directly on to the cork, 
the latter will go inside. 


To Blow Out a Candle Behind a Bottle.—T'ry this trick 


” : 7 1 ’ 
of a somewhat s similar nature. Place a lighted pagte ones 


‘the table, and about ten inches in front of it a wine bottle. 
Then blow on the bottle ata. dist ance of eight or nine inches, 
d the light wil be ‘aiogs ished just as though there 

2 id your mouth, ‘The breath 


on. the smooth surface of the 


just in — 


ee Saeties whether ¢ a "pabatencs is a gas Or 
~ are those mz terials which conform to the 
containing vessel. But a high- speed camera sk 
~ the process takes time, and that a solid will act. 
fashion if more time be available. Gases can ‘be. 
when heavy, like water. If they are lighter than, 
can still be poured ; but brian? s Eee t 


WATER 


- Water, having weight, exerts pressure in alah the — 
~ same way 2s everything else. The force of water comin 
from a high level to a low level is used all over the world 
to turn turbines 4d the dynamos that generate electricity; 
You can make a small water motor for yourself by fitting” 
‘a wheel with a number of vanes that hold the water and 
are forced down by its weight. The mill wheel is re eally 
yo a water motor, being turned by.the weight and. energy of 4 
' the water, just as a windm nill i is turned b — wae nil 
weight in the air. ae er F 
A pretty experiment to’show y the wa’ 
- performed with one of thos» ol Pipe = 
which used to stand on Victo o, reiens wing-room 
pieces, with a clock or ornament underneath. Carry 
_ jet of water from the tap to a basin and then make a ni 
“of small cork balls, When these ar e pl ced in the inverte 
: shade, the force of the water will throw them up i » the | ; 
_ over and over again. The jet of water is s forced t 
mel 


ae . 


-. ay 














t entirely up 
height oF the water 
f the base are the important factors, 
this makes it possible to build a hydraulic 
The upward pressure of water and other liquids 
} simply demonstrated. Take a glass tube, an oil- 
ss will serve, and cut a piece of cardboard to cover 
tom. To the centre of the cardboard attach a piece 
: g and, holding the cardboard in place with the 
ting, lower the glass into a vessel of water. If the string 
§ relaxed, you will find that the cardboard still remains 
= im place, being held by the upward pressure of the water. 
= Gently pour some water into the tube, and when the level 
Hof the water in the tube is the same as that of the water 
ounding it, the cardboard will come away. 


| Labour-saving Device.—Just as balloons float by 

@isplacing a definite weight and amount of the air, so boats 

|) float when they displace an equal weight of water. There 
Se! 


be lustrates how a practical man 
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= 18 a very good story which ill 
= can save himself trouble and labour by a knowledge of 
the laws of science. This particular person had to take 
orse carrying two tubs down to the river, fill the tubs 
with water and return with them to a farm. Now to fill 
: the tubs meant either taking them off the horse’s back, 
uring in the water and then replacing them, a very tedious 
ask, or leading the horse into the water and submerging 
he tubs while they were still upon the horse’s back. This 
} a difficult business because of the vessels buoyancy 
which would probably end in the horse being 
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an cut a hole in t 
all door on a hinge. When the horse entered 
er, the pressure if the water forced open the door 
¢ Rate 


Fae ONE? 






in the _ 


the bottom of each tub and ~ 
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es 


. tise or fall according to the density 
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a 


~ closed the doors and kept them shut. ‘This is i 


at the bottom, in the middle, or on the top. 


_ a basin of water, 


é becomes the pressure. Actually, 
_ to a column of the water equal in size and height to the 


et Sa = 


and the water rushed when t 
ne horse was led out, the pressure of the 
















wate: 


f a very simple valve, and you can very easily 
small model for yourself. A can fitted with a valve it 
the bottom is useful for watering the garden, when the 
~ water has to be obtained from a rain-tank, 

The Principle of Hydraulics——One of the earl 
scientists to study hydraulics was Archimedes and 
evolved a principle which still holds good after thousands” 
of years. This ancient philosopher showed that when a@ © 
body was immersed in water, it was buoyed up bya pressure 
equal to the weight of liquid displaced, Now you see 
why it is easier to swim in the sea than in fresh waters. 

1 two large jars, one with a strong solution of 
















If you fill ies 
salt and the other with pure water, you will find that a” 
fresh egg will sink in the pure water, but float in the salt — 
water. The reason is, obviously, that the w sight of salt - 
water displaced, not the volume, is greater than the weight 
of the fresh water; a fact, that salt water is denser than 9) 
fresh water, is very easily verified by weighing, Se) 
With a little experimenting, you can produce a liquid. 
with a density exactly equal to that of the egg, and in this - 
solution the egg will float in any position. Half fill a jar’ 
with salt water and place the egg in it. Now add, little. 
by little, fresh water, stirring it round. The eggs will” 
of the liquid. If it” 
rises you should add a little more fresh water ; if it sinks, 
a little more salt water. Eventually there will come a 
time when the egg will stay anywhere in the liquid ; either 


























When you press a 





tumbler or other empty vessel into 
you can feel the upward pressure of water 
on the bottom, and the more you press down, the greater 


this pressure is equal 







2 ‘et 
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eens Pats r 
‘Post be is ¢ e sam Bat pepe ae we meagan ‘meniscus; thal 
ords, the upward sat the water is. equalled : Cape the top of the water in the tube, instead v= 
essure of the water inthe tube. = - level, is higher at the sides than in the middle. 
rinciples of water pressure have to be very carefully Bon the other hand, does. not : adhere so stro 
udied by the designers of ships. Cut two prisms about ; " Ifyou! look at a barometer, you will see that the 
; yo inches Jong; one out of cork or very light wood, and — is convex, higher in the centre than at th 


e other out of a heavy wood like mahog any. Now place 
‘ esh water. The light prism will float with its 
own and a face up, but the ade prism will float 

its edge up and a flat surface on the water. A popu lar 
of this experiment is to construct a “fish” out of 

@ prism of deal wood an dp lace it first in fresh water and 

then in salt water. You will find that the fish w 
with an edge down in fresh wi whan iol as if 
ead, but with an edge up anc d flat surface di 
yater, seeming to have come to , life. 

Capillary Attraction.—\V. ater and other liquids have 
peculiar 1 nh aghors two of the most interesting being 
illary attraction and the ‘iitepetecus.” The word 
illary is derived Srotn the Latin for a hair, and very 

fne drawn glass tubes are called capillary tubes. You 
: “can, make your own by drawing out a piece of ordinary glass 
bing in a wide flame, ta aking care to keep the tube moving 

ll the time you are heating it, so that it is evenly heated 
di round and does not cra ck. 

_. When a capillary tube is plunged into water, t he water 
©) rises in the tube and, within limits, the narrower the tube, 
‘the higher the water will rise. Why? This effect is 
ue to the attractive force between atoms, for at te 


bounding surface of a drop of f liquid in air, the outer atoms — 
inwards and this pull is, naturally, balanced by outw: ard 
small drop of water the internal pressure 


-arnounts to nearly two “ct a es. 


It is easy to show that the narrower the space for 

water, the greater will be its rise. Take two p 
plate glass and tie them face to face with a piece of 
Now plunge the bottom into water and the water » 
rise rapidly between the glasses. If you now insert 
knife edge in one side, so that the plates are separated 
partly on that side, you will find that the water will) drop, 
but will remain at the same height on the other side, wher 
the glasses are still very close together. : 

The “‘ Meniscus.”’-—An amusing way of deoocintesiill 

the ‘‘ meniscus” and its great power is to fill a glass of 
water to the brim and then to begin dropping in pennies, 
very carefully. If you were to ask someone how many” 
pennies you could drop in without spilling any water, 
they would probably reply ‘One or two.” Actually, 
the answer is ten or twelve, sien: to the sacs and 

size of the glass. [ 

you will see a kind of convex “ menise ae rise’ ‘bok 


and magher until iw is far ae the edge of the g — The 


; full to the rim, which must, oe be ke 
If the rim becomes wet, the sf Be 
ed a 





“watch drops running down the window pane when — 


, you will notice how one drop joins another, 
wd yet another, until the loading becomes too great and 
nto water and watch the drops fall off the end, you. 
the dr rop tga and stretch considerably, before 

cs off a 
Racer” for Water Drops aah very amusing experi- 
to make a “‘ racer” for water drops. Your course 
made of oiled paper or paper which has been 
with lamp-black. You need a strip two feet long 
inches wide. Place the paper over a succession 
galler and smaller objects, so that i t forms an up and 
: course, each little hill being poser than the previous 
¢. Now let a drop of water fall on the crest of the 
ghest hill, and the drop will run down the sl e, gathering 
sufficient momentum to carry it over the next ‘hill and so 
on, until it gets to the end of the course. It does not 
eak up, because the paper is oiled, i if, however, you 
yere to use ordinary paper which ‘ ‘ mixes ” with water, 
drops would not roll, pet would spread out over the 

face. 

The surface tension on a glass of water can be made 
e basis of an interesting ga iment. Bend a long strip 


( F cardboard twice at right | ang! es, $0 that you can balance 
on the edge of a glass. Pour in water until its surface 
mi of the cardboard. You will — 
‘a number of coins on the arm 


ut disturbing the balance. 


iy atshocah not b under it, Me 


hee | breaks. up. In the same way, if you dip your 


Tak 
fork, and only esate the feck | int 
the Rete wi ish float ead like 


“* meniscus eli Sotoage in. cored 
- the esa the latter is supported by it 0 ¢ 
any part of the needle is touching the water; foe course, 
fi the water penetrat ted the needle’s eye, the weight of the - 
fluid would cause the article to sink immediately. Another 
method is to put a leaf of cigarette or a paper on the 
surface of a tumbler of water, lay a n gently upon the 
paper, which will soon become soaked and a t6 the bottom: 
of phe glass, leaving the needle floating on the top of the © 
water. ey 
The Grape Seed in the Glass of Charapagee —Yet 
another experiment. Ifa grape seed, quite dry, is placed 
at the bottom of a glass filled with champagne, owing to 
capillary attract ‘ion, the bubbles will attach themselves 


ip the seed, and it will rise to the surface 


of the wine 
iene the bubbles burst and disappear. Then the seed 


fall to the bottom of the glass again. The seed in this 7 

be sta ance h: I pen Tal ised o 2 ha f dee 

; hes to the surface by the aid of the 

‘ ip ay the part of little balloons in bringing; PY 
e liquid. 


ry attraction and “ meniscus " are due to molecul 
ng way of examining this phenomenon 
in a basin of water and = their 
ar they will ; ‘ 






















eT cING Bet mocinens 2 after giving 
coat of grease. They no longer behave in — 

: same ay. "becaus se the tension is gest destroyed by 
the grease. Camphor, by its solubility not only acts like 
» grease, but sometimes imparts a rapid motion to the float, 
The Si phon.—-Most peop le know the siphon and how 
It 4s a most useful application of the principles 
A \ very simple s siph debyimmersing 9 


non can 































































‘a tubber tube in water until it is full an d then placing one 
end i inar ‘rai§ed glass of water and the other end! A F 
The water will rapidly si iphe n over the empty 9 
If you raise the glass that \ t first emp ee 
B the level of the other, the water will lic hegn ic the 
|) to capillary action a siphon can also be ma i bs ts 7 P ece 
of cloth. Simply dip one end of t th in the Bs Lee 
and place the other in the empty glass, a thei ter wil 
E pass over. This property of textiles is the reason 
the efficacy of the wick of a p ie oil ee 





ut this 


fibres by capillary acti ion. i ee ae 
it 18 the motive 


-the \ 
and trees could not exist, for 
circulation of sap. 
* ‘Tantalus —The principle of the si iphon ‘has | 
in the past for many amusing toys and novelt 
pot these might b revived with enjoymen 
_ There is, for instance, a sete 
ro. you will remember, who | 
vater and yet never be able 
soped the water ran awa 
a figure of. T 
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5 > the sink. 


» notice the 


- in the case of 


a little gly Me , or ev \. c 

with a. ee ife. He oa will give Sever bubbles 
A 1 WL : , : 

: ert oe position sible 











our pe. 

it will rise until i it a 

much you pour in, it will never reach his mo 

as it rea ches his waist, it begins to be siphoned a ay. 

Diffusion. When two different liquids — 41 ‘oug 
together, but not stirred, they will slowly mix b the po . 









of diffusion: T! his is particularly easy to. notice’ in th 
case of coloured liquids. Mix some red ink with wate 
in a wine glass. Fill another wine glass _ with pure wa 









and have it re ady. 
the red ink, 1 


muslin 


Over the surface of the glass contain ae 
lace a piece of porous material such ; as butter-. 4 























rw w curtaining. Bring the edges over the 
side so that when the e glass is inverted no liquid comes out, 
the upward re of the air will k: epitin. Then place | ‘oa 
the ¢ glass containing e hs ted ink exactly over the mouth of Bs. 










ta} 


glass cor 





s the water. After some time you will © 
"penetrating into the water, diffusing i is” 
, and after several hours, the whole would. 
ecome pr operly mixed. This property is used 
gases to detect the presence of explosive 


t mixtures in coal n mines, Even solids will flow into each 
other if the time able is sufficient, 
' 
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: SOAP BUBBLES 


In the soap bubble we see the working 
tension and. capillary attraction, 
soap bubbles “you need a 
water and soa, 








of both surfac 
For experiments wi ich 
better. solution than the p! 


eS ‘generally used. The addition 
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_ That i is a. if you 
Temove y your lips 
film stretc hed ~ 


a Pe 
 so,) 





ce ee a * ; 
| the rings, they will not b ubble}, but w 
' it so Sa it is supported between them a 
rings slowly apart, and the ubble will become cy 1 
1 barrel-shaped. While a friend holds t usy CUT “Shape 
will "Bend a piece 2 bubble, dip a piece of glass tubing in the; soap solution an 
f a rectangle and make a “ bridce” very gently push it through the skin of the bubble, so 
he it hi niin ‘over the « lges of the that its mouth is in the middle. Then blow very gently, 
ms ich when - ; ra ter aR ' and a second bubble will be formed insidle the first. With 
eS the a oo ied the vectansl 1} care and patience this may be detached and the tube with- 
gato a solution, and film . ike ot peat a that it & drawn. If you blow only a small bubble/in the inside, and 
jinger through one side of the film, f the § turn the rings round so that the barrel/ is horizontal, the 
cee Gn Dh second bubble may be made to roll insidle the first, cc: 
_ Now Rigdon: SR a aT ridg With a certain amount of Practice three bubbles can be — 
‘ ade tt ri ora Gee atau { _ made one inside the other, but for this ‘you should use a 
Cneape e™ , | funnel rather than a pipe for blowing 1 oF better still, a 
=e cork with a hole in it, as in this case thie bubble will have 
ete ae ee a big base on which to rest, May 
yped into a soar solut nie 2a: Spee are very. On a saucer that has been raised from the table, place — 
dd the effect fhen it 1 eparate” the: + | 4 cork on top of which js half-a-crown. On top of th 
: he thin films “] Gi upon a again, place a smaller cork on which is a shilling. Wey 


shrink are 


3" leaving the film still on the other side o 


ad 
= Mu Ae 
a tae 


_ all the apparatus well before starting, ‘Now blow a lar, 
‘bubble with your funnel and let it Test on the saucer, 
od ain -whichel will not break and with care you can detach the funnel, 
rse, CON es a ye iow out ant Then wet a piece of glass tubing well, and push it through 
es- ou film. This air can be u Cd anmet: andl | the bubble. Blow another smaller bubble on ‘ 
ages rai, ¢ mout a put your §} ‘Town and, with a light tap on the tube, detach it. 
ee as_possible. lon Cth a Bi push the tube through both the bubbles and bl 
og oul pe. epee ’ the shilling, again detaching it with a tap. You 
finger, ti force 4 ONCE or twice, but with practice 
i : obtain the three bubbles, and if 
This is quite as effect they will last for some time, ; ee 
yy tapping the ack of SS 3 A flat spiral of very fine wire can be made to revolve _ 
: 2 were 2. ne top of water by face tension. The. wire must P 
dipped Oat and should then be placed 
f water. Fill a dropper with 
IP the quid a little at a time in — 


ia hee 


ip ‘ais with sufficient 
the al oye isa the 





: Nie risk of fire is rat! her serious. 

at the arcie nderful effects to be seen in a soap 

ae ble under condit ons a stress are so rapid that they 

‘can only be sho wn by the use of a high-speed camera. 

‘Some bubbles are so strong that when a bullet is fired 

through Sate the @ bubble bends inwards where the bullet 

| strikes it, and the column of air inside pushes out the 
5 opposite side of Me ae until it swells and burst 





“that it can bec rb tet substances stich as air and © 
—— “water. This can be made asin basis of an amusing — 
a = and if 4 you so a lesir re, a deceptive illusion, : 
~ Drop a moth-ball into.a glass of soda-water. The ball 
_ will immediately sink. In a very short time, however, it 
will rise to the surface, and will then presently sink again. 
The alternate rising and sinking pel continue almost 
indefinitely. 
© For the purposes of Geodpelnks you do not, of course 
say that you are using soda-water, but leave it to be assumed ©” 
' that you are using tap water. You state that you wish to 7 Af 
_. demonstrate the power of mind over matter and that @ oe 
without in any way touching the ball, you will make it rise | bg 
and sink at will. Time your commands “ Rise” and ~ 
“Sink ” to coincide with the natural movemefits of the 
ball and it will appear that it is obeying you. The © 
_ explanation is, of course, that the moth-ball “breathes” 
air. ae sinks at first because it is heavier than. water, bis: 
ina short: takes u some 
and rises t “ pear Ne 














ved fh ix as e' 

int Of 
“Magic Glasses of Water. —Try vihie 
i which the results are somewhat sim vilar to 
foregoing one. 
“following manner :—Place a small portion of fine ground 
“and sifted red sanders (sandalwood) in the first 
‘the second with a little vinegar, place a sma 
tash in the third, and a li ittle alts 3 in the fi 
} poured into the first glass will assume the co 
pour this liquid into the second and it will imn 










I | quantity of 
ourt th. Water 
ir of claret, 















“diately 
hange to a ersody tint, on tr urning it into the third glass 
will resume its previous colour, i.e claret, Por when 
his is poured in® the fourth g become black, 
The Magic Jug of Water.—} another effective 
fick. Fill a glass j jug with the liquid in whi me red 
scabbage leaves have been boiled for half an | It will 
e purple i in colour, and when cold is ready f Take 
aree tumblers, leave the first quite clean, i nd 
place a drop of ammonia, and in t! of 
sulphuric acid. 
Pour some of the cabbage liquor into the glasses, and 
that in the clean glass will Feteiet its colour, that in the 
cond glass will turn green and the third, red, This is 


very effective and amazing trick, as all 
red fj from the same bottle or jug, 

A very effective colour change is 
phate solution by ammonia. M 
lute th; is barely 





tha 


hat made in a ci 


the 


















* are easily made in 
the simplest is that made with © 





ater ifa io 


experiment, in ~ 
those in the’ 
ve four tumblers Prepared in the 


glass, rinse — 


a a er B 



















ae 


ne Ns yi 








the paper cools and the chemical. absorbs ser 
_ may be brought up again with heat. fe. 


- paper in m 
fountain pen ink, which is usually an aniline. dye, of an 
- iron salt and pyrogallic acid. 


sulphate, the letters will be invisible when dry. But if 


cobalt chloride. Diieclve a gu cevetaia’ in water and 
write with the solution with a clean pen on ordinary pa 
The writing will be invisible until you warm the pa 
when it will appear in blue. The writing will fade 


Potassium ferrocyanide will give a brown ivi ink 
It can be developed’ either by heating or by. dipping th 
ilk, Ordinary ink « consists of a mixture, exce 


iN. 


you develop by brushing the paper with pyrogallic acid,” 
the two chemicals will mix and the writing will show up 
in black. A somewhat similar method has — used for 
cleaning old documents or for examini ng the “ faking ” 
of manuscript by various forms of artificial lick ht. 

Another invisible ink that can be piypaed with I reat 
is potassium nitrate dissolved in pure acetic acid of 
vinegar ; when heated this shows up p ink and Sisal pears 
again on cooling. One of the most_ 
inks is made from bismuth nitrate. 


Piece of paper with this material, 
invisible as lo 


as it is wette dd. 


Writing made with a solution of silver nitrate can be 
developed by exposing it to daylight, but the ‘solution must 


be very dilute or the paper will be injured. The writing 
appears in brown and if no 


to the fire. wil] mn about the same 

If you have no chemic: 
visible ink with ieee 
quite invisible until ex 
suspect that a. blank Pie 
on it; how can you dey 


standard Slope Suc 


If you write on a 


ng as the Paper is dry, but appears as soon 








ay 





aig 









thy 

















If you write with iron 


interesting invisible ~ 


the writing will be > 


sunlight j is Nisible, exposure 4 
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jag 
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i 





ae ze . 

a to another 

nce are that when the | 
paper, he disturbed: the 


that j it is probably 


glass, but if you obtain. 
lead”? — 


powdered grap hite by sharpening your pencil." 

w this on to the paper when it is dry, the powder 

ae stick whee the paper has been broken, and cah be 

off in the untouched places, thus revealing vai 
riting. Aluminium powder will serve the same purpos 
s is *he method used. by detectives for “ develop ne? 

uspected { finger pri ints. Press your finger on the outside 

of a tumbler, for instance. Nothing will be visible, but 


~ wder, 


if you blow on powdered omcerp or aluminiun 
: we finger ea will I stand out ply 


Wi ne : grippe j 
always 
\ and 
Se asich this was vjavisible to the Saked ¢ ey 
appareit when i ae: powder stuck t 
uickly ; 
of g it carefull; 
‘would celluloid. 
i ‘ Magic an Sysoe, gpeach leavi 
Deiwings: Dea al feiipbate 
branches and chlorides of cobalt and nic 
pleaves, draw a tree. Now warm up your pi 
) will be invisible when dry, and you will see 
and leaves appear in their correct colours. An alternative 
ethod is to draw the trunk and branches in pencil and 
le leaves with green invisible ink. The tree may then 
be ‘made to “grow” by warming it. There are en 
jations of this device, ‘many of Japanese origin. 
ce, you may drav ‘mt 
the stalk, cobalt chloride for the leaves and copper 


GIe 
Tr 


0 


hate for the Lees on the stalk will be visible, F 


a bluebell, usi ng ordinary pencil 


Pi > 


DS a ae 


Sh tel holt 


the acid away under the tap and dry the > glass 


o® 
7 





rr quires the use of hydrofluoric 


* The acid attacks 


4 with | 


eg away where required, and the bottle 
which acts 


$in deep blue. wh 
the ammonia re rain td ne 
may have seen at so me or other a t of ° 

which appeared to be perfect ! : which ch 
breathed up on, showed t 


‘not very expensive, but which 3% with the: 
greatest care. It is kept i in a rubber bottle and you shoul 


io ‘rubber gloves when handling it, being very carefu 
that it does not come in contact with your skin. Use 


new quill pen and on the glass draw the picture you req 

_ with the acid as ink, _ After five or ten minutes, wash ; 

~ Now you 
breathe on. it, the picture will appea are, 
he glass, etching on the lines of the 43 
Chinese magic mirrors are similar j in ‘Principle. A 
bottles have > their names sandblasted or etch 
ydrofluoric acid in this way; or the whole 
surface may be coated with varnish, which is scrate a 
dipped in the acid, 
where the glass is is exposed. The easiest way 

- for the home worker is to coat the plate in paraffin wax, 
scratch on the name and then hold the glass above: the 
acid, the-fumes will be suffie eat = attack it, 

The “ Blushing Lady.”"—Thj s is very simply made wher 
you know the working of sens itive ir vdicators. Sketch the ~~ 
Portrait of a lady and daub cheeks and neck with a 
solution made by mixing equal quanti es of methylat 
‘Spirits an id water and adding a httle ph srl 

the portrait to dry, and the lady will Io 
ay ec her a little and \er over 


will find that if you 


picture. 
Aci 
















bustion._—_Combustion, 
ow, means burning, | some substances have 
affection for each other that they combine 
the evolution of light and heat. This is 
led “ spontaneous combustion.” Crush a little chlorate 
, and mix it carefully with a little loaf sugar which 
also igen crushed. Place the mixture on a plate, dip 
é end of a glass tube in sulphuric acid, and let a drop fall 
‘to the mixture. There will immediately be a burst of 
me owing to the violence of the chemical 
If the powder and the acid are placed on 

of the saucer and covered with a sheet of paper, a good 
ck can be performed by pretending to li 
breathing upon it. As you breathe, tilt 
@ acid runs into the sugar mixture at the righ 
Break 1 


| some copper nitrate cry stals, add a little water 
and roll t em up quickly in a piece of 


a tinfoil, such as is 
ane for wrapping cigarettes. Place the ball on a plate 
; “and in a minute or two, smoke will start to rise. pie the 
hole will catch fire. If the desired result does n: 








+ the nanet 
au Bae a ae 


e saucer and 
t moment. 


iS 
ol 
tal 









t take 
Place rapidly, sprinkle a little more water on the tinfoil 


Le 


Charcoal can Lad snwwe to take fire by cgi 1g over it 





4 


middle of a soup-plate of ae: ‘Pour on the e nitric acid 
and there will be many lively sparks. 

A eS perfectly safe explosive can be 
made if the directions which follow are carefully followed. 
apted to increase the quantities given. Take 
ree or four crystals of iodine and powder them very 


cal efully.. Then place —— bottom of a clean test 





















Ud & 

“paper. , 
“no account must this b 
aber of minute 



























. into a nun ie : ’ ; 
head. These should be placed on pe 
- paper and allowed 1 a safe place. » 
. the pov der with a ham or wg it with th 
® long, <n Dh will ode with. : 
ful ina is pertec tly Si as I ng 
F quantities are used. It can be pai eter on to door 







and wil! often explode when touched, Not more tl an 

mere speck must b 1, for it may detonate oy the to 

of a fly walkin ; surface, Hi 
aper which burns with dee fae 

p light can be made simply, but here again caution is” 

necessary 1g out the details of the preparation. 

' Carefully measure four parts of sulphurie acid and five 

| parts of nitric acid, stirring well with a glass rod. Then : 

| 

e 









in carryi 











' take some sheets of paper, it must be unglazed, and dip at 



























-@ in the solution for ten minutes. Remove the paper with 
a glass rod, taking great care never to let sur hands touch 
a ain am place it i plate of water, Wash 

the paper by changing the \ r every hour ¢ r by 

® letting it hang under aru runing cans. Th a iG es a . 
| carefully and cut it into strips b qt ite dry ot When 





hilighted the paper will burn with 


vitig pr tactically 




































hoash The ‘Ghene may be coloure aking brs she ts | ae 

for a a seconds after they h : a a 

1 ~, : Ps i 

Bol ition of cop per ch loride. potassi _ pi yntium we. 

- loride or. bar ‘lum chloride, which wil] bin “per ao : 

hich will biue, violet, ed 






red ag eo ‘Sreen respectively. By adding a small fuls inating 
* ese. papers can bite 
Ry oi: igers. ne made to flash when rubbe d 


the fi 



















ey 











"as you know, there cannot be any ordinary combustion 


or burning without oxygen. Other liquids and gases 
which are not inflammable make\a good blanket for 
extinguishing fires. Carbon dioxide is'’sometimes used and 
in the case of oil fires many kinds of extinguishers have 


been tried. Water is nearly useless, as being heavier than 


oil, it sinks, while the oil on the surface continues to burn. 
The ideal is a non-inflammrable liquid which is very light, 
but unfortunately nearly all light liquids are intl ya hii 
The action of carbon di i : ler can 
be shown quite dramatically. If af 


gas by pouring hydrochloric a on t r nd allow] 


the warm gas to rise into a 
touch the base of a wide basir 


are alight, the candle t \ 
strating this action is to i jar with ¢ i 
invert it over a row of candles. 1! 


one after the other. Car! 


and so can be poured downwar if 
jars of air with their mouths upwards o1 es 
and then pour into one of them a } sy 
the scale will fall, the heavier ga 

Lighting a Cigarette with Ice h wate lly 
associated with putting out flame t can | d to start 
a fire. Ice will do and the expe very, 
dramatic. A neat way of demonstrat irent 
contradiction is to take a small piece oi | m, abou 
three times the size of the head of a pin, t in ti 
end of a cigarette and then touch it with a piece 0 ice 
The cigarette will immediately catch fir 


The explanation is that potassium reacts with wal@™ 
freeing hydrogen gas. The action is ous that 
sufficient heat is generated to light the escaping. hydrogem 
A warning is necessary before you try this experimen 
Potassium is dangerous and should always be kept une 


oil or naphtha, as the moisture in the ait may be sufficient 


192 | 





may be iramersed in a saturated alum 


wire 


tals that have attached them- 


This anchor is formed of alum crys' 
selves to a piece of copper wire bent into the req 


page 198.) 


‘Upper 


herr 


Tystallizes on 


(See 


uired shape. 
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Pecsbloe 2 on the sisoan of a saucer or 3 


ate put a few drops of strong hydrochloric acid. Now, 
oth announced that you will pass the smoke from your 
cigarette into the tumbler, close the tumbler with the 


4 
ed saucer or plate, blow a few puffs of smoke, and ~ 
i What has really a 


happened, of course, is that the hyd: rochloric acid and ; 
ammonia have combined to form the dense white ~ 


‘presently it will appear in the tumbler. 


fumes of ammonium chloride which look not unlike 
“removes bone plat a8 


cigarette smoke. If anyone e 
FF ieanells the fumes, they soon ee that they have been 
‘ deceived ! a 
-“Pharaoh’s Serpents.”—-One ot the most popular 


TL | 
Serpents.’’ These = 


are made of mercuric thiocyanate, a substance which gives 


@ voluminous ash when it burns. The best plan 1s to © 


buy a little of the thiocyanate, your chemist may know it 
better as sulpho-cyanate of mercury, and make up cones 
= stirring it into a thick paste with water and gum. 
» When you light one of these cones, the ash wil t curl slowly 

Out like a serpent, but as the fumes are poisonous, the 
creeks should be performed in the fender so that the 
' moxious gas rises up the chimney. 


The great disadvantage of this substance is undoubtedly | § 
poisonous fumes given off, and although if handled 


: with care it is safe, another serpent can be made which 


Bnon-poisonous. This is prepared by powdering together © 
parts of bichromate of potash, one part of nitrate of © 

.and one part of sugar. Mix thern thoroughly, after ¥ 
powdered them separately, and make small paper @ 

Ly the mixture. Light the cone ~ | 


Pak 
hy as the peer hy Pharaoh’ s Serpen 
S s with Phosphorus.—The phenomen 
' can be made the basis of a nm 
sting experiments, but in dealing with phos 
you should always keep it under water and cut 
ane If exposed to the air, the heat caused | 
riction of the knife may be sufficient to set the phosphor 
on fire. To prepare “ liquid” phosphorus, heat one pa 
hosphorus in six parts of oil of almonds, very gently, 
two hours. The mixture should be in a flask and 
d in a sand bath. The oil will become charged with 
Phiiephoris and must be kept in the dark and “ 
stoppered or it will lose its peculiar properties. 
I should like 1 to repeat the warning that eS 


It sho iid be cut ; ae water and must acre be pr 
except with tweezers, when it can be cut with a knife — 
without difficulty. Use only a very small portion at a 
time and never expose it to air for more than « few” 
moments before the experiments 

‘‘Ghosts."’—Any substance painted with this oil will a 
glow in the dark, emitting a weird light. ‘‘ Ghosts” of a ™ 
very frightening kind can be made by daubing a face 
mask with the liquid phosphorus. The nose, mouth and | 
eyes, being gaps in the mask, appear as black cavities, while 7 
the rest of the face glows with an unearthly light. It i iy 
essential to use a mask for this experiment, in order to 
prevent the oil from touching the skin. Phosphorus itself 
must never be handled, for the burns which might occur ~~ 
are usually very serious and poisonous in character. 
Writing which can be read in the dark can be Fy ass . 


F repeiic a small piece of phosphoru in a’pair 
glow in th 


writing. The words will 
_ Lighting a Candle wi 

















ee ‘phosphorus ¥ with fe wick, it will light 

course, it is not really the water which lights 
although it appears to be so. It is the 
rus that is set on fire by the hot wick. 

e final warning about phosphorus. Never use it in 
S hy 2 than a pea and never touch it with your 
' The substance is quite safe if pro operly | handled, 
> two rules, and t that about | keeping it under water, 
easily get a 








it 
ab 





naw 
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Sood: aidivene, whic} is pid by ¢ the dec omposition 
f vegetable matter in the bottom of ponds. The gas takes 
; eously in air and gives a pecul lar smoke whic 
~ goes up in rings, ‘This gas is responsible for the “ will-o’- 
e-wisps”’ seen in marshy districts. It most easily 
repared by dropping a few lumps of phosphide of calcium 
oO water, when decomposition takes place immediately, 
the gas lighting i in rings as soon as it comes into. contact 
J ith the air. This gas, sometimes known as phosphine, 
most unpleasant smell, like thaf of rotting fish. It 
poisonous and so must not be breathed. 
- Co — Under pees te pre eparing mixtures of 
each ingredient 
Po wos. ocint them Baher, you may generate 
and : Nae they are combustible or explosive, you will 
saibly have: an ac cident. This is particularly necessary 
‘inthe : following experiment, Powder one part of Potassium 
ate and three parts each of gunpowder and su iIphur. 
em well together and pack them into a cylinder 
tong paper—an empty sporting cartridge is best. 
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‘or eet roots downwards into a tall jar of © 
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eg a the ae he ene. the rest of the pet ina Th 


ps ee become incombustible. 


for some time, then dry it 
may smoulder sullenly 


- there is any danger from fire, as this is + sac fi 
" Fesistant. 


in a concentrated so 
~ and then soak it once more. 


- over the flame of a match. 


















” Fire-resisting  ahionns Skeet * soabiies in alum 
You can, for instance, soa 
an old handkerchief or @ piece of paper in alum cal 
and attempt to set it on fire. 
where you apply the match, but 


ot take fire. Nowadays asbestos cloth is used 





An amusing experiment is to so some ‘strong s 
lution of common salt, dry it chareual hly 

The oftener this is done the 
The string looks quite ordinary, but it has an. 
Hang a curtain ring from it and 
then set fire to it. The string will burn up, but the ash Po 
will continue to support the ring! The explanation 1s, 7% 
of course, that the otzing. has taken up so Heep salt ‘that 












better. 
extraordinary property. 



















In performing akie: trick take ‘J 
Cigarettes nim which the: 


prevent it br Peelidnii 

that there is no draught near. 
ash will not fail have been made by mixing 

aati estos wool with the tobacco. 

A more ei laborate form of this experiment 

small handkerchief or square of n by tymg a 


1S 





a \ <a @ 





to each corner and soaking it as before. You can then 
place quite a heavy object in the middle, hang the hand=) 
rarchiot ae Lh PR ee - "7 

erchief up by the threads and set "ire to it. The cloth © 


will 


not break; if you use an egg as the object, the ; 
experiment is even more interesting to the audience ! 
A “burning” form of secret writing requires a solution — 


of potassium nitrate as the ink. Write in large bold letters, - 
connecting up the words. When it has dried, hold it 
The writing will take fire in 
‘one spot and the spark will travel right round, cutting out 














€ it sb : 
ments in GiseiaRiivation A very "erating 
ts in crystallizatio n may easily be performed. 
anti crystals of alum can be grown as follows. Make a 
olution of alum and hang in it a long hair or even 


In twenty-four | hours or so, you i 
to the hair or 


cerystal a 
crystal on the end of the thread 
ion alum, ‘ate by boiling the crystals with 
ait no more will dissolve. The crystal will grow 
rapidly and in the course of a day or two you may 
btain a large crystal, an inch of more across. 
‘Supersaturated solutio Ns, € electrically assisted, afford some 
xtraordinary results They help to show the crystalline 
“nature of many metals and the manner in which all matter 
ears tolive. 
crystals of many salts can be made in the same 
it if you wish to grow really effective examples, you 
t keep giving your crystal fresh solution to feed upon. 
: crystallized i in this way is a popular sweet under the 
Sugar candy.” 
using variation of this are of "experiment is to 


ent 


: 

mass. of her dtystals. phate, giving blue 
crystals, is a good es to use SB this ose, but you can 
dd any stain. you like ; litmus will giv ls i 


A Chetniea! Garden—A chemical garden is most. 


sien to make and, if you set about it carefully, you~ 


e beautiful growthe in charming colours. 


ou I 
will want cae e glob be or some other glass vessel i in | 


a 
a 


. odd 
alumini bot, which can generally be obtain ion & motor 
, and a few odd bits of iron, like nails. Mix thes 
in reall up on the sand. Now from a chemist ze 
ome waterglass (sodium silicate) in syrup form such as 
for preserving eggs. Make a mixture by add 
ree times as much water as you have waterglass, ‘stiri n 
together. You should have sufficient of the mixt 
i. to fill the globe. Pour on the mixture steadih 
taking care not to ‘disturb the chemicals which you hay 
arranged in the sand. Stand the whole thing on one sid 
for a few days and something surprising happens. There 
appears a dense growth | of the silicates of the varic’ 
substances, which takes on strange forms in all kinds « 
pretty colours. The chemical garden will look better um 
you now get rid of the waterglass solution and have“plain. at 
water in its place. You may upset the delicate growths 7 
if 7oe try to tip out the liquid, so the best way is to stand 
- the globe in the sink and then let a small stream of water. 
pass into it until all the waterglass has passed away, 
leaving nothing but clear liquid — whi cho all the 
aaioss growths can be plai nly see 
_ Making Metal Trees.—Lead trees are a very effective 
ornament. Dissolve two ounces of lead acetate in about 
-a pint and a half of distilled, or rain, water. Shake the 
_ mixture and allow it to stand for at least two days. Then 
- filter ‘your solution and return it to the jar. From the cover 
d small pieces ol zinc. Leave the jar ae 


i 
¥ 


[find a beautiful “ tees *“ak neni ad: The brani 
; sete very realistic when illuminated. Tin and silver 


















; ee ilies ance will be formed. Cashptine airs 
also give a | tree if it is dissolved in “ spirits of wine” and 
n poured on to a sheet of clean, cold glass. 

:. scellaneous Chemical Experiments.—Gilding steel is 
at ae experiment, although gold salts are not | 
« together a little sulphuric ether and nitrate _ 

into the mixture dip a potket-knife or other 
a ‘It will be gilded an d the gold will stick better 
u polish and burnish the steel. By painting with 
xtur you can write your name in gold on any 








using ‘experiment is to throw an empty egg sh : Se 
r of dilute hydrochloric acid. The egg will sink, ; 
er a few minutes it wel rise again an spin round 6 
owly. The hydrochloric acid acts on the cha alk in the ; 
shell, giving off carbonic acid gas. It is the evolution 
as that makes the shell rise and turn round. 
Bottle Cannon.<-When certain chemicals are mixed 
in water, you = effervescence or, in other words, 
-of gas. A familiar instance is the Seidlitz 
1 powder i is enclosed in two separate packets, 
5 “aap there is soda and potash, while in 
e is tartaric acid. Now if the contents of 
blu paper are dissolved in water and then the contents 
_of the white paper stirred i in, you get a tremendous bubbling 
yhich is due to the liberation .of carbonic acid gas. The’ 
un unt of gas pro uced is considerable, ‘as you can show. 
bottle cannon. Get a good-sized bottle and” 
about a. quarter full of water, Dissolve the 
‘paper in this. Make up a little roll 


put the co d of the 
rend ontent a e ie Lisp 
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' pipes ; 


eat z a ‘am inspiration. 
© column rose of its own accord 0 on to the 













n into the tieile and then oat 
the bottle rest on one side and ‘soon 806 
solution will soak through the paper pa 
_ generation of gas starts and this is soon sufficien to se 
out the cork with a loud pop. 

To Smoke with Two Empty Pipes.—Procure two pipes 
preferably of clay. Dip a piece of paper in spirits 
salts and smear it over the inside of the bowl of one of th 
treat the other pipe in the same way with lig 
ammonia. 4 

Hand one of the p 














ipes to a member of the company, § 
and ask him to smoke it. Of course he cannot do 
Then hand him the other empty pipe, ask him to place 
the two bowls together, and he will be able to blow out 










































clouds of smoke. a. 

A striking experiment can be performed by dusting @ | 
number of feathers with aniline powders. of differenty) 
colours. If you blow off the surplus powder they will =) 
seem to be still white, but if you spray the feathers with | 
eau de cologne or scent, the different colours will come) 3 
up vividly. If you have a suitable piece of glass and an fp 


arc lamp, ed 
violet ligt 
disappear. : ees 
Everyone who has been camping knows that a rope ~ 
contracts when wetted. This fact can be utilized in es 
a heavy weight. Attack ha long rope to. the ol ject, and 
ak ie it to a beam in the ceiling so that it is just taut. 
- Wet the rope and the object will be lifted Of the floor. - 
_ There is an amusing sti ary of a Cavalier Fontana, who had. vy 
“undertaken to raise an obelisk to Pope Sextus V in Rony 
ch. had all but given up the difficult task, when he 
“Wet the ropes,” he ea and. 









you can also view the feathers under ultra: 


it and can cause certain colours apparently ta) 
be 


Race been prepared 













UPON ce 
t ioc this phenomenon i is 
g chlorine and pyorores 3 in a siti 











‘the gases Joe if by magic. “Most of the 
wonderful things of this kind which can be so easily 
ed into practice are based upon principles that are 
simple when understood. 

ent which you might well call the “‘ Mystery 
ined Hand ” can be performed quite simply. 
oughly moisten some muslin with a solution of 
um salicilate and, when dry, place it over a piece of 
d. Now make a solution of ferric ammonium sulphate, 
h will look more or less like water. You have only to 
"your hand into the “ pure water” and press it against 
met sheet, when a red mark will appear almost 

Ye 





















SOME OPTICAL 


ILLUSIONS 







































CHAPTER VI 
SOME OPTICAL ILLUSIONS 


HERE is an old saying that seeing is believing, but 
T this is not by any means always true. The fact of | 
the matter is that, because you think you see a thing, _ 
think. Wonderful as the human eye undoubtedly is im ~ 
its construction, it has its faults and limitations, and these 
cause it at times to deceive us over the most simple 
matters. 
Look at this arrangement of twelve black squares] 
separated by white bands 


(Fig. 58) and keep your 
eyes fixed on them. After 
a few moments you will 
notice a curious illusion, 
small shadowy black dots 
appearing in the centres q 
of all the crosses ‘formed y 
by the white lines. Of 
course, these shadowy + 
black dots are not there 
at all really, and immedi- 
ately you concentrate your 


gaze on any one of them, 
it disappears. It is only 
your eyes that have taken 
you in. 

Then turn to the next 
figure (59) and look once ™% 5* Sasoowe tae oe 


2 205 28 










more at the twelve white 
squares with their black 
margins. This time you 
will see shadowy white 









spots appe: in the 
~ntres of crosses 
formed by t ick mar 
“hye at any 
one ol e T teri s 
s] i nd it im 
n te ipp le 
OQ S Se pr up 
€ spa ; I 
et 4 ra t 
Ai \ 5 * 
BiG. 59. THe ELUSIVE wit : m 
[ re « 1 i 


mediately reappears. 

As I have previously mentioned, a bright object usually 
gives a much stronger impression on the reti: 
black one. Hence, if you look at the t 
Squares (Fig. 60), you will doubtless 





Bic. 60.. WHICH 1S THE LARGER OF THE INNER SQUARES ? 
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SOME OPTICAL ILL 
one on the black grounc 
is the larger. In fact, 
they are exactly the Z| 
same size, as may be quickly verified by actual measuremeney a 
Owing to certain imperfections of the human eye, | 
: io of a luminous point on the retina is never quite — 
Bigies The images of the luminous points on the oa a 
of the white square invade the black border, and in 
same way the white border appears to invade the black 
square and make it look smaller. In the same way, 
vou look at an electric lamp when it is alight, you will be 
able to see the filament quite easily. It looks quite a thick 
piece of wire, but examine it when it is cool and you will 
find that in reality the wire is most finely drawn. The 
difference is not 
due to expansion 
of the wire, which 
is too small to be observed, but simply to the fact that the 
bright object makes a stronger impression. Actually, the 
wire does not change in size atall. It only appears to do so. 
The eye is always eager to make comparisons, and for 
this reason a divided line always looks longer than one 
which is not divided. This is clearly illustrated in 
Figs. 61 and 62. The direct perception of the several 
parts makes us notice the number of the subdivisions, the 


size of which is more perceptible than when the parts are 
not marked off. 













co, 64, A DIVIDED LINE LOOKS LONGER 
429 HAN ONE THAT 1S NOT. 


Fic. 62, ANOTHER EXAMPLE OF Fic. 61. 


The judging of distance also is not so easy as one might 
think. Here is a simple little test for you. Which is the 


A 





Fig ete : . 
16.03. WHICH IS THE GREATER DISTANCE? From A to B, cr from B to C? 
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ay 
You will doubtless have no hesitation in saying 








This illusion is 
purely due to the 
introduction of the 
arrowheads which 
in one case point 
inwards and in the 


other outwards. Fic. 66. Tu FOUR HORIZONTAL RULES ARES” 
The mistakes of PERFECTLY STRAIGHT AND OF EVEN WIDTH. — 


the eye have to be taken” into account, by architects and 3 
builders. Evidently, the ancient Romans had studied 9 
these illusions, for on the fresco paintings of Pompem am 
are lines which should be parallel and are not parallel whem 
measured mathematically, but are bent so as to compensate 
for the effect of adjacent lines. “ Perspective,”” which® 
every artist learns early in his career, is another illusion. 
It means that parallel lines going towards the horizon 
appear to meet and have to be drawn so that, if produced; 
they would meet at a distant point. This is necessary 
because, as you will remember, the eye judges distances: 
by comparing one eye’s view with the other, and thevuag 
farther away a spot is’ 7 | 
| .> from the eye, the nearer) 
_... together are the lines of 
vision from the twol)) 
eyes. és 

Oblique lines always 
have a disturbing effect: 

on our sense of direc- 

tion. In Fig. 65, for 

example, «the « vertical 

lines are really quite 

4 straight and parallel, 

although they appear 

to slant alternately in 
Fic. 67, ANOTHER EXAMPLE OF Fic. 65. different directions. : 
THE DIAGONAL LINES ARE guITE straicur. !heillusionin thiscase | 

PSR. a nog 

















MAKING A CHEMICAL 


Iron, sulphate of copper and alumis : 


arc placed in a ss bow! and covered with 








A CHEMICAL GARDEN,—1] 
Growths of the silicates of iron, sulphate of copper and seat i 
solution. (See page 198.) Meminhien in water-giate 





illusion is 
Clearly illustrated in 


: Fig. 66, where the four Fic. 68. A STRAIGHT 


" 4 RULE ON BAC KGROUND 
horizontal rules are OF CURVES, 


perfectly straight and 

of even width, although, at a first glance, they do not 
appear to be so. Their straightness may be tested by 
means of laying a ruler along them. 

Yet another example of the effect of oblique lines is 
shown in Fig. 67, where the diagonal lines are ali perfectly 
straight and parallel in spite of their irregular appearance. 
"Test them with the ruler and see. 

In Fig. 68 is shown the strange etiect produced by 


placing a straight rule on.a bac keround of curved lines, 
> The rule appears to bend upwards at 
| © the ends in the opposite direction to that 
ee followed by the curved lines. Actually, 


Fic. 70. EFFECT PRODUCED BY PARALLEL LINES, 


of course, the rule is quite straight. A variation of ris 
illusion may be obtained by drawing an equilateral triang 
on a background of circles, The sides of the triang! 
although perfectly straight, will appear to bend inward: 
in the centres. ra 
Now look carefully at Fig. 69. Which is the sti aigh 
rod, AB or AC? You will doubtless have no hesitation” 
in saying AC. But here again your eyes will have 
deceived you. AB is the straight rod, not AC, as may = 
easily be verified with your ruler. This is another illusio ay 
due to “ irradiation.” 
In Fig. 70 is shown the 
curious effect produced by” 
a series of closely an 
widely spaced Nara! 
lines, or shading, upo 
centre band made up 
evenly spaced _ paral 
lines as shown in the 
diagram. — The 
spaced lines, 
shading clearly 
lighten up 


£1G, 71. WHICH IS THE LONGER, THE 
THIN VERTICAL LINE OR THE THICK 
HORIZONTAL BAR? 





and it is only your eyes 

that are playing you tricks. 

Now look hard at the 

arrangement of rings (Fig. 

74) which appears to be 

like a pipe. First of all 

4 the pipe seems to be lying 
_ The eye 18 very bad at comparing perpendicular and a on its side, but if youg 
horizo tal lines. If you draw on a piece of paper a thick a” keep on staring at it, the ¥] 

Miorizontal line and then extend from the middle of ita “9m whole thing suddenly ap- 

erpendicular line of exactly the same length (Fig. 71) f pears to change com- 

will find that your first impression is that the horizontal Salam pletely, so that now the 

is much shorter than the ot¥e. pipe seems to be standing 

Now look at the three squares illustrated (Fig. 72) a on its end. This is, of 

pe eh : @urse, merely another il- 

look entirely different, and strange to say, although 7/4 lusion as no actual change 

have just shown that a perpendicular line looks longer takes place. P : 
‘leah sat Rosizoatal ‘line, the ) There are other things 


pcsate’ Cont 4 of hori which appear to change " 
e compose ‘ , 
ees. Pts bi 6 yer places, even while we lock ric. 74. Is tars TUBE ON TES soz 
¢ looks bigger than the Ga at them, although they do STANDING UP? : 
square composed of the same ei] not really alter th 


number of perpendicular lines. LEA: positions at all. 
Here are two more very t os ee eyes are merely play 

curious little optical illusions. 3m 1 ing tricks with us. 

In the first (Fig. 73) you see Am Look at Fig. 75 @ 

what looks like a table with | Le 

four legs. When you look at ba La ; .* you see. —2n.you 

this first of all, it seems as if (am 4 seven, look at Fig. 

you were looking at the top of 7am and then back 

the table. But if you keep on 

looking at it, things seem to 

change, and you will presently 

think you are looking at the 

underside of the table. Of — 

course, nothing really happens — 


Fic, 72. WHICH OF THESE SQUARES Is THE LARGER? 


In 





again 


quickly restores 
the missing cube. And 
now as you look at the 


cubes in the first figure 
they seem to change 
backwards and for. 
wards of their own 
accord, first there are 
six and then seven, 
Another form of this 
apparent rapid change 
may be seen in the case 
of Figs. 78 and 79. Look 
at rig. 78 and you will 
have no hesitation in 
’ ; Saying that the : 
ball is nearest you, and that the staircase mounts eee 
he if you look steadily at the lower figure (Fig. 79) for a 
wemmoment or two and then back at the top one, you will 
instantly change your mind. It is now clear that the white 
» wall is nearer to you 
tand the staircase is in- 
/w¥erted. And it appears 
to change from one to 
the other while you gaze 
‘at it. 
» A very amusing illu- 
sion is that of the Bee 
Yand the Flower (Fig. 
Oo). Hold the figure 


Hic. 76. Compare ruts wits Fic. 95 


AND NOW COMPARE THIS WITH 
Fic. 75. 


and slowly the bee 


appears to fly over 
and settle on the 
flower. 

Here is an op- 
tical illusion with 
a ring. Suspend 
a ring by a string, 
on a level with 
the eyes, with the 
plane of the ring Fic. 78. WuHIck IS NEAREST, THE BLACK WAR 
towards the per- OR THE WHITE ? : 
son. Tie a small stick crosswise on the end of another 
about a yard long; hold the long stick, shut one eye, and 
try to thread the ring with the crossed stick. Success 
is not likely to be attained, but if both eyes are used, the? 
ring can be threaded at the first attempt. 

This trick may be varied by using only a crooked stick 
instead of two sticks tied crosswise. , 
The following is an illusion that. will cause great surprise. 

Put a shilling into an ordinary tumbler half full of water 
place a plate on the top, and turn the glass over quickly, 
so that the water does not escape. On the plate a coim 
the size of half-a-crown will appear, and a httle higher 
up another the size of a shilling. It will add to the effece 
of the experiment if one of the company who does nGt 
a ey eee know the trick 
requested to throw © 
the water away, 


- 


Fic. 79. Now Look AT THIS AND BACK 
AGAIN AT FIG, 78: 





IH: s the: 


or chidhped io 


erned, when it is scattered 

a dise of glass of similar size to a penny. Have this 
¢ concealed in a pocket, then place a handkerchief over 

Penny and hold it over a glass full of water. By putti 

e hand to the pocket, ostensibly for a pencil with which 


penny is tapped to show that it is still d 
idkerchief, the glass disc can be substituted, ee sf any one wheel 
If this imitation Fig. 83. represe 

penny is then : three people walk 
dropped into the 2 down a passage. 
tumbler and the ‘ figure farthest awa 
handkerchief re- | appears the largest ai 
moved, the sound i the man nearest see! 

to be the small 


is heard but the { 
1 
giass remains in- ? Fic. 81. A COMBINATION OF WHEELS, 


visible and the “F illusion. The figures 
penny can be said BS are all exactly the same size, as may be tested with a rulers a7 
to have dissolved. ie Here the laws of perspective mislead us; we can i 
When the water is successfully estimate the size of the figures apart from 
poured out, sur- setting. é 
face attraction pre- How Tall is a Hat ?—This suggests an ‘illusion with 7 
vents the glass a 
disc from falling 
away. 
Our next figures 
(81 & 82) illustrate 
¢ well-known optical illusion of wheels that spin round 
id round. If you hold the design (Fig. 82) in your hand 
d give it a twirl by means of a slight circular movement 
the wrist, you will apparently set the wheels of the bicycle 
g round and round. The faster you move the design, 
faster the bicycle seems to travel. A reversing move- 
will make the wheels appear to spin in the opposite 
The effect is more satisfactory if we do not look 
directly at the wheels. These rotating wheel move- 7 


Fic. 80. THE BEE AND THE FLOWER, 


i 





& pone 
k object—a top hat serves very well—on the floor 
_ Immediately in 
fi ront of the paper 
(Fig. 84). Notice 
the height to which 

it comes on the 
paper and remove 
it before anyone 
else sees it. Then 
ask those present 
to come forward 
one by one and 
mark on the paper 
the height to which 
they think the hat 
would come. Fi- 
nally, make your 
own mark and 
place the hat in 
position. You will 
find that your 
friends will all be 
a long way out, 
and, unless you 
are very careful, 
you will be wrong 
yourself | Most of 
the marks will be 


high. 
is an optical illusion with a watch. Borrow @ 
watch, and cover the back with the tips of the first, 
and third fingers of both hands. Hold the back of 
e watch towards the audience, gently move the watch 


and fro, at the same time part and rejoin 
Bie a little. The watch will look as if it were | 

A little trick on the eyes, which is really a most ct 
puzzle, is carried out in this way. Cut a piece of 
which is four and a half inches long and one and t 
eighths inches wide. On this draw out the figures to in aes 
eleven match-sticks, as shown in Fig. 85. Now draw % 
diagonal line across the card, one end of which just cleat 
the top of the first match-stick and the other the bottom 
of the last. Cut along the line with scissors so that the 
card is in two pieces. Put the two halves on the table 


Fic. 84. How TALL iS A HAT? 


in their original position and count the match-sticks to” 


make sure that there are eleven. Now move the 
half of the card one stage along in the manner sho 
Count the match-sticks, and to your amazement there ar 
now only ten. Move the upper half back again to it 
first position, and you will have back again the origt 
eleven match-sticks. Few people will guess the exp 
tion of this puzzle, which can be explained as foll 
The eleventh match is really there all the time, but 

a whole. When you have cut and moved the card on 
stage to the left, this has the effect of dividing one of t 
matches into ten parts. Each of the ten matches in’ 















ns = 






ing As a tenth of a match 

, but the difference is too small for your eyes to 
Our eyes take every opportunity of givi 

e. rest, and this results in a at of ptt arma: : 
_ Stance, if you look very hard at a black object for a es me 
or two and then look away at a dark becksigies’s sal 
~ will have the impression of a black object reversed in w nea 
" For example, in Fig. 86 you see a funny little figure like a 
black sprite. Look hard at this while you count ret 



















4 
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Fic. 85. WHERE DOES THE ELEVENTH MATCH GO? 


very slowly. Then transfer your gaze to a rather dark 
_ wall-paper or book cover and you will be surprised to see 
a ghostly figure in white move across the surface. Next 
mix your gaze on Fig. 87 for a few moments and then look 
i at a dark wall-paper or surface, and the black skeleton will 

‘appear reversed in white on the dark background. What 
hay is that the constant vision of the black or white 
pe tires the part of the retina on which it falls; so when you 

| look at the background, the tired part refuses to be stimu- 
lated, with the result that the image appears in the reverse 


220 | 


longer than iq © 


‘what you actually saw it. We also must always re- 5 
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member that black is not 
a colour, but simply the 
absence of all light. 

It is interesting to note 
that optical illusions fail 
to deceive the eye when 
they are seen for the 
barest fraction of a 
second. If you arrange 
the illusions so that you 
can see them by the light 
of one electric spark, you 
will find that the squares 
no longer appear to be of 
different sizes and the 
































Fic, 86 THE SPRITE. 


parallel lines do not appear to 
meet, The spark gives plenty of 7 
time for the form of the illusions, 7% 
but not sufficient time for the: 
eye to move and be deceived. 
With a simple toy that anyone 
can make you get an X-ray effect. 
From a piece of thin card cut @ 
strip about six inches long and 
one inch wide. Half am inch from 
each end of the strip cut out @ 
round hole half an inch in diameter 
and fold the strip of card in the 
centre so that these holes f 
exactly one above the other, It ig 
easier to fold the strip of card first 
and then remove the two rounc 


your X-ray toy, the opening of ich 
| to your nose. Move your hand backwards 
rds to get the focus, and you will soon fin 
Position where the shadows of the bones of your har 
seen. 








: ae | | 1. A box for making smoke rings. (See page 247.) 2. The walking match. 
F P (See page 227.) 3. To lift twelve matches with one, (See page 226.) 
| P.S.R. 








r Four Sq Changed to 
to form four equal squares as th 
then remove and replace four matches so 4 

three squares of the same size as the ot rs. 

| plished in the manner depicted in the 

To Form Four Triangles with Six M 













in the fu 









| 


: “Now take away the eight matches marked wi 
“two squares only remain, one in the centre of 
To Multiply a Number of Matches.—Thi 


“are : 
plished by laying the matches to form Roman numerals, — 
» four or six, i.e. IV, VI; two = 


/; nine matches will make three 


dozen, XXXVI. Another method is to make letters with 
‘the matches, and to spell the number, e.g. eleven matches 


* . i. rv c= 
owill make nine, NINE. 
es To make nine matches into three and a half dozen, make 


two heaps, one containing three, and the other, six matches, 


i.e. three and a half dozen. 
€ household match on the table, and, across it place twelve 
others. The trick is to pick them all up in one action 

thout spilling. Lay another match across the twelve 


the same direction as and exactly over the one under ~ 


ath. Then ara ge bottom match slowly, and the 
a] | Bt ae ioe & 


» ee 
oer 


as large round as a sixpence, and then let the end just 


To Lift Twelve Matches with One.—Lay an” ordinary 


the blade of a knife, an 
he table, so that both ends of 
The match will then “ walk” from one en ee 
nife to the other, without any effort of your own. This’ | 
an also be done with two matches joined at the ends by 
splitting one and sharpening the other. They may alse 
be bent in the centre to impart a knee-like appearance. 


The Animated Match—Break the heads off a few 
“matches, and lay the wood =n sticks like the spokes of 


a Se . 
- wheel on the surface of some water in a saucer, with a 
| space about an inch in diameter in the centre. The water 


must be quite still. Roll a slip of blotting paper about 
three inches by twelve inches loosely into a tube about 


touch the surface of the water in the centre of the saucer ; 


a minute current is raised, and the pieces of match are 


drawn towards the blotting paper. To make the matches 
move away from the centre, instead of the blotting paper 
use a small piece of soap cut to the shape of a tube or cylinder, ~ 


When it touches the water, the matches immediately” 


scatter in all directions, 


The Square of Nine-——Take twenty-four matches and 
form a square of eight piles, each containing three matches, 
go that each side of the square contains nine. Add one 

then three, and afterwards four matches in such a way 


4 that in each case there are still only nine matches in each 
_ side and at top and bottom. ee 


5 
ee; 


_ It is accomplished in the following manner :— 


SB 





1II 
Trlr 
iit 


Now take one match from i 
Maes to Gp pile th de We eee 
one from the left-hand bottom torner, and add it to rs 
pile just above it, and one from the right-hand bott ; 
Corner to the pileabove that also. Add three extra Radches 
to make each centre pile consist of five, and each corner two. 


3 


Fic. 3. 
It IIIIE Ir 
TIIII INTiL 
II IIIT IX 
¥ Take one match from each corner and add it to each of 
' centre piles. Then add an extra match to each of the 
~ centre piles. 


Fre. 4. 
t IIIIIII 1 
IIIIII IITIIE 
I IIIIIII rt 


The sides of the square contain nine in each case. 
as An Optical [Illusion with Matches.—Here is an 


ateresting optical illusion that may he performed with — 


ee matches. Arrange three matches in the form of a 


ital Y on a black background, placing them so that 
is a sligbt gap between the arms of the Y and the - 


Bing 
RICKS \ 


right, that is to say, althougn ? 
fori of a capital Y, none of them is t 

Now gaze intently at the letter you have 
very soon you will notice a ghostly Y appear | 
of the other one, just a fraction to the right of it. 


The Magical Properties of the Number Nine.—f 
figures resulting from the multiplication of nine by e 
figure from two to twenty are added together, the ni 
nine results in each case :— 

2g. 2X9 =18, ie. 1+8=9. 3 X9=27, ie. 2+7=9. 
20 X9 =180.; 1+8-+0=9. 


Take any given number and reverse the order of 
figures, then subtract the smaller number from the greate! 
The difference is always divisible by nine withow 
remainder, e.g.":— 

678425 
524876 


9)153549 


1706 I 
Ce ee 


If a much bigger number, running into millions is 
the result is still the same, e.g. foi ee a 


684,107,233 
332,701,486 


9). 351,405,747 
39,045,083 
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CHAPTER IX 


ae 


MISCELLANEOUS EXPERIMENTS — 
AND TRICKS ve 


T is said that, in the fourth dimension, you could 

[ a cord while its ends are held by another pe 
This may be true, but unfortunately it is not pa 

to show the fourth dimension “in action.” You @ 

however, invite your friends to take the ends of a pi 

of cord in their hands and tie a knot in it without Teta 

go these ends. They will probably fail, but the feat 

be accomplished. 

Place the cord straight out on the table and then & 
your arms. Now, with your arms still folded, 
forward unti) you can take the ends in your hands, 
back and uncross your hands, you will find that a knot 
been tied. If you are “conjuring,” you can m 
trick very effective by “ patter” about the fourth dim 
so that your audience do not see exactly what you do 
realize that the crossing of the arms is not accident, 
essential. 

The Principle of the Pulley —If you have ever watch 
men lifting a very heavy object by means of a pulley, 3 
will have noticed that they seem to do a great deal 
pulling on the chain in order to raise the object a 
little distance. The pulley acts almost like an engine g 
enabling them to lift very slowly an object, which in 
ordinary way they would not be able to move. “ 

You can use this principle for a very striking dre 
room trick. Challenge four of the strongest peor 
room to a tug-of-war. They will proba’ 

_ you suggest that you alone will be able to 





Jow wind your rope . Hd and round 


sroomsticks, making about half-a-dozen turns and ; 
? 


e long end in your own hands. 
] your opponents that they hav , 
cks apart, while you will 5 30 7 sel 
ether. At the word ‘ Go,” pull on your rope ied to 
ie surprise of the contestants, including yourself, “you will 
that quite a moderate pull on the rope will be sufficient 
overcome the straining of your opponents ia brine 
iem together. | - 
The e xpi ination is quite simple. If the strands of rope 
‘wound six times round the broomsticks, the force witl 
hich you pull will be n nult iplied by twelve in its actic 
will see that, if the broomsticks are two feet apar' 
nd you pull them together a foot, band feet of rope wil 
through your hands! 
‘Perpetual Motion.—Perpetual Pe cs Pe eluded in- 
ators for hundreds of years and will probably continue 
. og , for the element of friction must be present to a 
gree in every machine. Thus it must one day stop, 
less fresh power is added, when it ceases to be true 
petual em There is one machine that as ee been 
ng day ir in day out for. a dozen years, b 
stop. It has been going so oa 
ise the friction. has been 1 the 
sible proportion, but 


nh 


yall “containing the po ; 
a cork jn which there is a small hole. Bor 
“hole in the bottom of the tin, put on the lid a 


seal it. 
Now place the whole box in a large jar of water. 


a rag 
ater will trickle in through the bottom of the tin” 


Sd tin will sink until the water reaches the level of the ; 


ttle cork, when it will enter through the hole, ar 
be given off. «This gas will drive out the water from 
the tin, for the wooden valve in ve e top will float in the” 
er and keep the hole in the top shut. The box will 
~ ascend to the surface, but as soon as the valve touches the 
surface, the disc will be depressed and the gas will be ab 
to escape from the top, so that the water will enter ff 
below again and make the tin sink. This process @ 
alternate ris sing and sinking will continue until the pe 
is exhausted. 
A Sphygmograph.—You have, of coutse, felt your pu 
in your wrist, Cc sunting the number of beats ma s by y 
% _ heart every minute. Nowadays doctors like to have 
ee graphical record o the pulse beats, and you 
small instrument for “ writing” the beats of 
é “quite easily. It is called a sph gmograph 
Smoke a at piece of glass, this will act as 
paper.” Push the ‘ dead” end of a match into the. 
of a boot button, Cut a piece of ‘quill or springy wire 
psush one end into the hook of Ne! button 
d your apparatus - 


the nh by 





poh exaggerat pte a He? the buttons the le 
gel the movement, tracing a curve on 
you ask an assistant to draw the 
ant rate, you will produce a wavy: 
| oulse ae Do not be disturbed = 
© of t the waves seem bigger than others, It is not 
you. have hear se, but simply that your 
not palling the glass at a constant speed. In 
practice, of course, the instrument used by doctors 
eae beats is vastly e delicate in constructio 
jater Mill.—‘ Mills vhick worked by water used ft 
», although they are rarely fh i 
est to construct is out of : 
gh a small cork pass two Be 
»ther so that they form a 
On the ends of . 


wt ae 
ectang 


on enables the w 
und the turns: witl 
Biginks 
force to tum the 


ev 
paratus. 


= & 


can play with your 


wy be ‘very popular fifty years 


e “One of the eas 
ur pieces < of ‘camphor. Throvg 
page at righ it angles to e: 
f which the — 
§ stick sn 
bd sO poe as to face downwards 
ke four small pieces of camphor 1a @ dine of wax | 

4 fac ent to me. nieces of cork, sure that they- 

ion so that, if you go round the © 
you have st a blank, ‘then. 

hor, then a blank, then camphor again n and so on. 

ou place this little instrum ent in a bowl of water, it W 
round. si 3 


phone and connect it 
terminals of your se 


Fey ty] 


ik 


Wait until the new 
when the announce 


is centre. 
1. 


RN, 


nall pieces of cork, r lar in shape § 
e water. Now | 


your set has no 
‘should be connected 


detector valve or th 


“4 
vit} 
Als 
g 


1e 


(paral! cdots of the corks: ee 
18 and near the microp! 
With a specially 
give a very gC 
takes the form of a 
with a St. George 
nails, with the po nth 
these nails concealed. 
speaker. 
up the stand and spe 


vill i 
in rapidly : 
e operation is due se pitiece tension. The: cam phor 
res. in” the. water, reducing the ension, | so that | 
the ‘camphor mill . sins round. 

et camphor dropped | water become . 


+ fet Sec : ee "uneven" rh ace tension’ 


ie point of balan 
the water to be shot of 


"Tricks with Your Wireles 


loudspeaker or earpiece, 
another room, you can 


own news bulletin, gan 
‘ 
pi 


ask your audience the cause ¢ 
pref 
50d imitati ion of a“ 
loudspes 
s Cross for feet. 


Before giving ) 


ing the Barker mill, could — 

Here is the “method of cons 

“inill. Bend the ends of two. 

at right angles to the length of | 
drop of sealing Ww ax fix fix the hoop ends : 
ether. Place a pencil with its point a 


te and on this point balance the pine i 


If you now pour water very gentl y 
ce, the pins will revolve. 
ater to run down the hairpins and = 
,out falling off, and its momentum 
af the ends with sufficient 
whole moving part of the ap- ? 
s Se at —— Ni low a oe tricks you Pe 

ss set. If have a spare © 
ou can convert 
with the gramophone fe 
If you conceal | 

j 5 ee ee 
s bulletin is bei 
has begun, ai 


vou 
ou 


it In 


wi ‘ 
oa m ea" 
pick a 
mike.”’ 
audience x 
and then 
> in and give your 
need not be too serious | fe 
ck-up ”’ terminals, the microphone 
between the grid and filament of the 
first L.F. valve. It is interesting to ‘ 
of noises made, © out of sight, ; 


vy 


up 
t. 


c 
; 


ce 


to 


rour 


b 1ST 


Dproadcast, 


re 


hone, y 
pared piece of apparatus ‘you can ey 
“séance.” This apparatus © 
aker mounted on a high stand — 

In the feet are two. 
just pro ojecting underneath, and from 
wires run up the stand to. ‘the loud- 
your. demonstration, you can lift” 
ribs a sti ck underneath to.aF 


oe ts 


aker,. 





con 
, of ‘course, is. 
wo tin plas Banecies to 


he nail points Pe 
a A ConmeStiO. 


= : 
ot “TRICKS WITH COINS 


" estan es 

The Disappearing Penny —Gum. the rim of a alll 

mbler, and spread'a p piece of white paper across it, Then 

t away the edges, so that the top of the tumbler resembles 
a drum. The tumbler is then laid rim downwards upon — 

sheet of white paper. ‘A penny is laid upon the paper, 
Sand the performer places a paper cy linder (which is” 
‘exhibited to show that it is empty) over the glass, and th 


two. are lifted and placed a top downwards) over re 


The cylinder is then removed, and of course the 


being hidden by the paper 

y have vanished. 
are Should be taken always to place the cover over 
lass, when passing it over of away from the coin, also 


) keep the glass on the sheet er white paper, otherwise — 


he pasted end*will be exposec 
To Balance Three Coins.- 


ight hand. Grip the ends 


oncealed in the palm of thi 


holding the top and bo 


; at one end, and one in the centre 


drum of the glam, 


Lay ite pennies with thine ; 
dges edge to edge in a row in the left band, and upo 
em place a thin strip of wood, slightly longer than the 

three pennies placed on end, This should have been | 


ab and second finger 7 


e coin can then be raed pest dicu 
* self- supported upon their own edges. 
Ive a Coin Between Two Pins.—Place a h 
on. the | table, then seize it between two pi 
st the extremities of the same diameter. The coin 
hen be raised without trouble. Blow against the 
rface, and the coin will revolve with tremencane 


and appear like a metallic sphere. 


. “TRICKS WITH HANDKERCHIEFS — 


he Dancing Handkerchief.—A long piece of thread is 7 

ed about four fect from the grout d at one side ofa 

e room, and laid ac it. An "pssi tant is placed at 

§ ‘other side ready ive the thread when desired. 

c oa knots are then tied in a borrowed handkerchief, on 
tre. When the second knot 

is tied, carelessly drop the handkerchief, and on recov ering 
t pick up the thread also, and tie a third knot at the other: 
ad, but round the thread. the handkerchief 
on the floor, and taking a stick over the baal s3 
erchief, asking it to rise, W rich it will do on the ¢ 
gently pulling the thread until the h edberchiek dl is in a 
erpendicular ae 0 He can thie n jerk the thread, ) 


the handk erci hie All appear to dance 1 1 
i effective if a magnet is used instal 


This trick is most 
ofa stick, and the performer says that the handkerchief 


is magnetized. The thread can be held by two persomss= 
4 » and raised or lowered as desired, the magnet being held : 
some distance above the handkerchief. If the assistants” 
mia are clever, it will not be apparent that hey: ae holding 
the thread. oa 
~ ‘To Balance @ Handkerc hief-—Push a piece of sou wir ee 

about twenty inches in | ength and with a very 
or point on one end, up the left sleeve, leaving | 

dea the bands Take a handkerchief fF 





a long handkerchief ropewise, and , 


es Fee iexvine the ends 
the persons lay a hand on the 
handkerchief backwards, and 


,» this time round both stick and hand, but 
é handkerchief the reverse way of the other 
the ends of the handkerchief together, let the 


hand drawn away. Pull the knot sharply, 
Seren one ees Sa Coe 





ge 





} the Latter.—An apple is placed in the 

“kerchief; the four corners of which are 

tied, and the bag then suspended by a cord f 
ahook. Take a sabre or a strong knife with a thicl 

but a very sharp edge—the thicker and sharper the 

the more likely is the experiment to succeed. 
upward cut must be made underneath the apple, 
sawing, and perpendicularly to the point of su 

The apple will jump up slightly, “and the hand 

will enter with the blade and be uncut. : 

A Rope Pulled from Behind Tied Wrists.—Have 

wrists tied together with e handkerchief, not too tight 
and a long piece of stout cord placed between the jaz 
and round (i.e. over and under) the handkerchief. 

an assistant to hold both ends of the cord, and immed 

he has secured them, thrust the hands forward, bend th 
fingers of the right hand down, pull the cord up between)” > 


the handkerchief, pass the back of the hand underneathigy 
the loop, and tell the person who is holding the cord to.@) 
pull it hard. The rope goes off the’ back of the 
hand, underneath the handkerchief, which it does not) 
displace. ll 


THE MYSTERIOUS KNOT. (See page 240.) 





* 


gt Se 
= aye 
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a " ch if t0 lay a halfpenny on a piece of | trace through the air? You w 
ie s outline, and cut it out. Now lay a penny § straight line, and this can be turned 
| aperture and challenge anyone to pass the penny fee) to the top of the pin the figure of a 
rough the hole made by the halfpenny. Probably the Stretch a piece of cotton straight across: 
| Majority of those present will declare that it is impossible, [ey and the height of the pin from the table. Then 
Dut you, knowing something of curved space, will promptly es — tight-rope walker in position and begin to w 1 
D erumple the paper, so that it is bent about the hole, when circle round and round. You will find that the 
ey nthe penny can be gently coaxed through from underneath. ; remains on the cotton, showing, of course, that tl 
te You set your audience the problem in two dimensions, | rseteag Se straight hoe 
©) > Tength and breadth, and solve it in three dimensions ; Candies which go out See eee eae 
~~ “length, breadth and height. : peer a, peared and ) do not doubt that they 
© Another simple, and perhaps better-known, trick i eto wg maga? 2 y practical jokers. Cut a cand 
break a match in the middle 4 that it does not Sti sti: ) pecly ant Pies San tak bees about half an inch of 
im two, and placing the angle over the mouth of a bottle, as. se bug encis and ee eh ap 
to lay a sixpence on top. The problem is to drop the ~ aime yi re cebiags: 
: pg Siaey ag me Pate fo) » it will suddenly go out without warning, the 
sixpence € without touching it. The solution | depending on the exact position in which you divided 
is easy. Just let a drop of water fall from your finger on candle. F oot _ % 
og oT aged = - a The Peng will expand with The following trick shows how you can make a 
‘3. ; g open, and the sixpence will drop that cannot be blown out. Roll a linen rag which has? 
- into the bottle. been well soaked in salt, or preferably covered with ig) 
r Ja @ngineering it is often necessary to transform one round a candle; light the candle wo will burn, , 
kind of motion into another. For instance, a wheel going Fy if placed in the ‘pen in a strong ind: 
round and round may be required to make a saw go back- %% Here are some candles that you can eat. Out of b ani 
wards and forwards, or a piston going up and down may JF or apples, cut and shape some mock candle ends, ma 
be required to make a wheel go round. It is possible to [© them as much as possible like candles that have been b 
convert movement in any direction into movement in § down. Fashion some slips of sweet almonds to : 
almost any other direction. Here is a simple experiment, 9 wicks, and stick them into the mock candles, li 
based on this principle, which you can perform. oa instant, so as to make their tops black, blo 
Take a large sheet of cardboard and with a pair of and they are ready for use. Place 
compasses draw a large circle. Cut this out with a sharp light when performing. The almond 
knife or pair of scissors, making the cut as clean as possible. moments, put the candles into you 
Now out of the circle you have removed cut a considerably " swallow them while apparently 
* smaller circle and in the edge stick a pin. If you place the $9 __ Here is a problem to set 
iedsele inside ‘the Jarger while it is lying on therm, ut® A man has three 


5 
er 





c sheen ly teed with 
aw so that they can. see the | Weel problen, he 
hat the diameter of the circle, the base of the triangle 

he side of the square are all the same length. It does 

- seem possible that one cork could fit all these holes, 
it Bt yx take a cork with the same 
cut it into a wedge shape, the two sides being triangles, 


a will find that the cork will fit the square, the triangle 


nd the circle. 
Sharpen a piece of French chalk to a point, and with it 

ite on an ordinary looking-glass. Polist lightly with a 

ik handkerchief, and the writing will disappear. Hand 
glass to a member of the audience, and request him or 
yet_to breathe upon it, and the writing will reappear. 

b the glass again carefully, and the experiment can be 

an Saaiiaey paper- -knife (of wo ae or ivory) and 

‘two holes, about a quarte t of an inch ap irt, right 
tthe blade. At the same distance from the hole 

hi é handle bore another hole, | but dy half way 
through the blade. Turn the knife over, and a quarter 
of an inch from the hole nearest the point again bore a 
7 hole half way through. Show ‘ both sides of the knife to 
rove that there are three holes, take an ordinary match, 
and put it in the first hole, turn the knife over, and it will 
_. appear coming through the centre hole. When the match 
© is placed in the centre hole and the knife is turned, it will 
ppear to be coming through the end. The knife can 
easily be bored, aad the effect of the tr 


Bet asad from this description. 
: lace. three. ee on a aT aoe so’ that bec 


diameter as the circle _ 


ick is bacot more Ba 


1a ee haas by means rofat a “nid atch pee 
i , with one end passing under one stick, 
3 er end above the other. The three sticks \ 


anner prove of mutual support to each other, ( 
e not give way even if a tumbler or other weight is 
m, Wen them over the points of contact. 
In almost the same manner as described in the preced 
be “trick three knives can be placed with blades only cros 


‘a . 
ie 2 and with the handles resting upon three wine glasses. T 
‘a 


knives not are support each oe blade to i tlade, but upor 


an object as a filled water bottle. : 
_ Now try this experiment. Dip two wine ‘Gases oft t 
_ same size into a een of water, and Ships taking t 


- move them very slightly, so dae a very email space n 
_ intervene between the rims. Take a third glass and 
from it some wine in such a manner that it spreads slov 
over the foot of the inverted glass. When the wime has 

' trickled down to the rims of the glasses, the ruddy drop 
2 dam ‘filter into them and ascend, into the uber glass, thus 


» Take two glasses exactly alike, so that when filled ome 
water they will stand with the rims together on top of one ; 
another. Place the glasses in a basin of water, fill them — Pts 
Dap full, bring them out pase the position described, 
_ Now w Tight: ‘some tobacco 





put a silk handkerchief over 


glass half ful e, puta 3 
ss, ‘press it down to the surface of the ale;_ 
ently fill the glass up with water, draw up the hand- {| 

and the water will remain upon the ale, but will 


mix with it. 


Fill a glass, and lay a piece of thin card or paper over | 
p, dexterously turn the glass upside down, and 


7 


it upon the table, which must be level, then draw 
the paper or card, leaving the water in the glass. It 
| be impossible to remove the glass from the table 
hout spilling the water. Do not perform this trick in 
drawing-room. 
Have handy three strips of paper, each two or three feet 
length by one inch in width, paste, and a pair of scissors. 
ste the ends of the first strip of paper together. Twist 
second strip of paper once, and paste the ends of that 
ther. Twist the third strip of paper twice, and paste 
ends of that together also ; i.e. make three paper loops. 
hibit the first loop, and remark that the obvious effect 


f you cut it in half, stripwise, will be to make two loops. — 


e loops should then be cut. Now pick up the second 
op and remark that you are going to do the same with 
this loop. Cut the loop of paper, and a loop twice the 
ize will be produced. Now pick up the third loop, and 
cut that in the same manner, and two loops, one inside 
the other, will be produced. In the case of the loop with 


he double twist, it will require a little dexterity to keep. 


his twist masked, especially when cutting the twist. The 


ps are, of course, prepared before the spectators enter 


| with a cloth, a small ball or pea made of india- 


a: 


the other empty shell along the table about three 


ee walnut shells are laid upon a table that has been 


‘is ox 
$ wh not ‘to be covering anything. ; 


ea shall appear under, and being told, push 
ith the first and second fingers. Do the same with the 
one that is covering the pea, and as it is moved forward, 


_ the pea will come out behind it as a natural effect. As 


‘comes from under the shell cover it with the first pee 
second fingers which are held together, then move they 


third shell forward with these two fingers, and in doing 


place the pea underneath it. “This is not at all a diffic 


although the onlookers may be very close, they will r 
see how it is done. cs 
You may have seen someone smoking a pipe or cigarett 

who is able, after inhaling the smoke, to send it ba 
in the form of beautiful rings into the air. In a sti F 
atmosphere these rings will remain quite perfect and float’. = i 
about for some while. It is really quite easy to make@ 
box with which you can produce smoke rings as fast 
you wish. Get a well-made card or wooden box which is 
rather longer than it is wide. One end of the box should 
be removed altogether and across this stretch a piece of 
cloth, fixing it with gum or glue. At the opposite e 
cut a round hole about an inch across. You are 
ready to start making smoke rings. Get a piece of @ 
brown paper, light this. for a moment and then blow 

The paper, which will now be smouldering and giving @ 

‘a lot of smoke, is pushed in through the hole at the 

of the box. Of course, in a moment gD 


smoke. All you have to do now 


- the other end of the box a series of sr 


every tap there will issue from the hole 
ring, and you can send these out as fast 
after the other, Sometimes one ting will 


and you get @ very pretty effect. 


me 





and the hole is th up to the ceiling, the tack — 


ill stick, the weight of the penny breaking away the paper j 


which then falls to the ground. 
Tf you wish to talk about Einstein and relative mov. ement, — 


prepare a dining-room table with a hairy cloth. You can — 
‘then play a good game of billiards by using ping pong balis — 


ind long pencils as cues. The friction of the hairs helps 

_ to perform many difficult billiard strokes. 

/ Should you like to talk about the effect of the moon 
ntides, the force of gravity and other learned matters, 
ow a shilling, place a small piece of paper on top of it 
allow the two to fall together. Both shilling and paper 


“will drop at the same speed, showing that it is the air | 2 
ih 


alone which usually prevents the paper from reaching the 

» ground at the same time as the shilling. . This is nothing — 
© do with the friction between two sheets of paper when — 
pressed tightly together and which produce electricity when — 
rawn smartly apart. 

+ An amusing “ snake ”’ 


upon a piece of paper about three and a half inches in 


hole will rotate when held over a flame or draught, 


An apparently miraculous sleight of hand trick is made 


aply by the aid of a round cork and a long hair. If 
is attached to the cork by pushing in the ends wi 
: leaving a loop about two inches long, the 
: sab igrte and the cork 


can be made by drawing a spiral 


iameter, the lines being a quarter of an inch apart. — ee 
cut round the spiral and put a pin through the top, — 


q 


oa 
‘2 
i 


he a piece of lege sugar ‘wis a wal 


to touch the sugar some time beforeh \ 
lighted cigarette, to find that the slight adulteration gr 
assists combustion. Absolutely dry coal which has” 
desiccated by the aid of phosphorous pentoxide will seldo 2 
ee even when raised to red heat, while pure ‘sulphuric 4 

id and pure zinc may show virtually no interaction, 

Here is a very effective trick on entering a room. 
~ performer, » with hand covered by his hat, rubs a poli 
pencil, sharpened towards the side instead of in the us 
way, sharply down the side of the door. The pencil ¥ 


adhere to it, and a hat with a flat brim can be hung upon 
the pencil. . 
If two glasses are placed one within the other, the inner 


This is a : Ga 


glass can be removed by blowing into the gap. 
good demonstration of the power of a rapidly mo 
stream of air. ae: 
Another very simple trick is to make four wicke in the - a 
edge of a halfpenny; it will then be found to adhere to © 
most walls. Fe) 
Some words of warning in conclusion might well. 
remembered by every experimenter. If your test is. 
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